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PREFACE TO THE FIRST EDITION. 



This little work is an attempt to explain some of the greatest 
mysteries of the Universe. I am fully conscious of the 
boldness of the effort, and that I fairly expose myself to 
the accusation of extreme presumption. Nevertheless I do 

not hesitate to publish these speculations, knovring that what- 
ever may be the verdict of the criticism to which they must 
be subject, they are earnest and conscientious efforts towards 
the discovery of truth. 

In the course of such a Work I may have made some 
mistakes, which, though not visible to myself, will be seen 
by others whose scientific education has been more complete 
than my own. I only request th^t if such errors are detected, 
they may be corrected in the same spirit as that in which 
they were made. If so, I shall be the first to acknowledge 
most gratefully my obligations to whoever may set me right. 



Orimesthorpe Moad, 
Sheffield, 

Jcmuary^ 1870. 



PREFACE TO THE SECONB EDITION. 



During the interval tliat has elapaed since the writing and 
publishing of this Easaj* great additions have been made to 
our knowledge of solar physics, quite sufficient to overthrow 
my speculations if fallacious, or to confirm them, more or less 
completely, if sound. 

I therefore devote this Preface to a brief outline sammary 
of the bearings of this growth of knowledge upon the 
subjects of the several chapters, taking them in their order. 

I hope to find time to vn-ite an Appendix expounding in 
detail the matter that is here only summarised in abstract. 



Chaptebs L, II., 



. m. 



Since these were wTitten the idea that our atmosphere is 
but a portion of an universal medium extending throughout 
space has become far less heterodox. I may even say that 
its acceptance is rapidly becoming general among our truly 
philosophical scientists. 

My arguments, based on the experimental data stated in 
Sections 11, 12, and 13, have become strengthened above a 
thousandfold by the subsequent rarefactions effected by 



• It was commenced about the end of 1867 by oollecting a. Dumber of notes 
made at different prcvioua datoa embodying the leading ideas oa the subject. 
The flrat chupter waa writtta earlj- in 18G8. Being occupied ae chemist in the iron 
and steel worlis of Sir John Brown and Co., ShefEeld, with but little spare 
ftnd scant Hccess to books, it was not ready Tor the press until the middle of ! 
when J came to London and arranged for priutiui; and publication. 
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Crookes, Hagen, Ogden, Gimingham, and others. The rare- 
faction to one hundred-thousandth of an inch of pressure, 
which I was then able to quote, has now been carried beyond 
a hundred millionth without attaining a final limit. 

These recent experiments have added a new and direct 
demonstration of the continuity of atmospheric connection 
between the earth and the sun. They have shewn that at a 
certain degree of rarefaction the transmission of electricity 
is impeded, and that finally, with a still further degree of rare- 
faction approaching, but not reaching absolute exhaustion, 
the passage of electricity is stopped. 

We know by the disturbances of our magnetic needles and 
telegraphic apparatus, which coincide with solar outbursts (see 
Sections 196, 337, and 338), that there is direct and continual 
electric transmission between the sun and the earth. This 
could not occur if the intervening space were as vacuous as 
the tubes and bulbs that have been exhausted by the extreme 
action of the Sprengel pump. 

Nobody has attempted to refute my reductio ad absurdum 
of Dr. Wollaston's paper "On the Finite Extent of the 
Atmosphere " (Chapter 2) . That so monstrous a fallacy as 
that which I have pointed out in Sections 1 8 to 23 should 
have escaped the attention of our mathematicians ever since 
1822, and that in a paper so commonly quoted in our best 
treatises as supplying a fundamental demonstration of the 
finite extent of our atmosphere, is a very carious fact — a 
significant warning to those who are ever ready to accept 
whatever is offered on high scientific authority. 

The real difficulty which I freely admit stands in the way 
of our free acceptance of the theory of an universal atmo- 
sphere is that presented by the absence of sensible evidence 
of the effects of its resistance to planetary motion. 
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At the same time I have scant respect for the flippant 
and superficial dogmatism of those who have, to their own 
satisfaction, shut up the subject at once by simply considering 
the case of a solid body shearing thi-ough a resisting medium. 
If these gentlemen had learned as much as may be learned by 
thoughtful study of what is already known of the subject they 
would be more modest, and would agree with me in under- 
standing that it still remains obscure ; that we have all to 
learn ranch more before we can answer the physical questions 
that it opens. 

In the first place we are not dealing with the friction or 
shearing of a rigid surface upon or through a viscous 

klinm. All the planets, and, if I am right, all the satellites, 
lobricated by a superficial atmospheric film that thins out 
i homogeneity with the medium through which they are 
travelliiig. The resistance of such a surface capable of 
rolling over the spherical solid body which it envelopes with 
a friction equivalent to the viscosity of the medium itself, 
and the effect of the elastic vis a tergo due to the expansion 
of this shunted and compressed material, have all to be con- 
aiclered and carefully festimated. 

Sesides this we have the direct repulsive action of radiant 
lieat, which is now proved to be a molar as well as a mole- 
cular force. I know that this has been disputed, that certain 
mathematicians highly endowed with vivid imaginations have 
generated marvellous molecules, have set them dancing 
within the bulb of the radiometer, and thereby have 
*' demonstrated " that the motion of the vanes is due 
to the rebound of these molecules from the inner wall of 
the radiometer bulb and their collision with the vanes. 
These molecular playthings may serve their purpose of 
supplying innocent amusement to the unemployed among 




XU PREFACE TO THE SECOND EDITION. 

mathematicians, but are no part of the serious realities of 
positive science.* 

I discussed this subject in a paper on " The Philosophy 
of the Eadiometer and its Cosmical Eevelations '* in the 

* I hope my readers will not misunderstand the motive of my plain speaking 
on this subject. I yield to none in profound respect for the higher mathematics, 
which respect has been greatly exalted if not exaggerated by the consciousness of 
my own weakness, due to wanting the aid of such powerful machinery whenever 
quantitative problems of any complexity have presented themselves for solution. 

Mathematics is to physics what the balance is to chemistry. It converts 
vague generality into precise and definite accuracy, which is the characteristic 
feature of true science. But while maintaining this we must never forget that 
mathematics, as defined by Euler, is simply " the science of quantity, or the science 
which investigates the means of measuring quantity," and that in its applications 
is the art of measuring quantities ; it only performs that important logical opera- 
tion which Sir William Hamilton describes as " the quantification of the predicate." 
It does not supply the predicate itself ; this is only obtainable by observation and 
experiment. 

My quarrel is with those who manufacture the predicate by their own imagi- 
nation, then quantify elaborately the baseless assumption, and claim the result 
as a "demonstration" thereof with a degree of intellectual self -righteousness 
that is positively phenomenal. 

When such dreamers of quantified dreams occupy official scientific positions 
they succeed for a while in astounding the multitude until their absurdities reach 
a climax that brings science into contempt by its outrage upon common 
sense. r 

The following is an example. It is a description of one of Sir William 
Thomson's home-made molecules by his admiring disciple Professor Greorge 
Forbes. (See " Nature," April 30, 1885, page 602.) 

" I shall now give an account of the gyrostatic molecules, crude and improved. 
The crude one is a fly-wheel inside a massless shell. Here there is no gyrostatic action 
opposing a motion of translation, but only opposing a motion of rotation. This 
is the molecule which was stated to give the wrong kind of variation of magneto- 
optic rotation with variation of wave length. The improved gyrostatic molecule 
consists of two fly-wheels on one axis. But the axis is cut in two in the middle 
between them, and the parts fitted together by a ball and cylinder joint. The 
other ends of the half axes are supported in ball and socket joints in the massless 
shell. So far as rotation of the shell is concerned this acts like one gyrostat, 
the axis always remaining in one line. But if the shell be frictionless the ether 
can only give translational movement to it, and the double gyrostat produces a 
gyrostatic effect when the molecule is accelerated in any direction except along 
the axis. The special function of this molecule is to explain magneto-optic 
rotation of the plane of polarization," 
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" Quarterly Journal of Science," October 1876 (reprmted in 
"Science in Short Chapters"). In spite of the uncon- 
ventional expansion of this Preface, I quote the foUowing 
from that paper ; — 

"If we divest our minds of all visions of hypothetical 
atoms, molecules, ethers, etc., and simply look at the facts 
of radiation with the same humility of intellect as we usually 
regard gravitation, this primary diflSculty of the radiometer 
a,t once vanishes. The force of gravitation is a radiant force 
acting somehow between, or upon, or by distant bodies ; and 
these bodies, however far apart, act and react upon each 
other with mutual forces, precisely equal and exactly con- 
trary. We conceive the sun puUiug the earth in a certain 
direction, and receiving from the earth an equal pull in a 
precisely contrary direction, and we have hitherto demanded 
no ethereal or molecular link for the trausmisaiou of these 
mutually attractive forces. Why, then, should we not regard 
radiant repulsive energy in the same simple manner ? 

" If we do this there is no difficulty in finding the ultimate 
reaction fulcrum of the radiometer vanes. It is simply the 
radiating body, the match, the candle, the lamp, the sun, or 
whatever else may be the source of the impelling radiations. 
According to this view, the radiant source must be repelled 
with precisely the same energy as the arms or pendulum of 
the ludiometer ; and it would move backward or in opposite 
direction if equally free to move. If, by any means, we 
cause the glass envelope of the radiometer to become the 



radiant source, it should be repelled, and may even rotate ^H 

• in opposite direction to the vanes, or vice versd. This has ^| 

been done with floating radiometers. ^| 

" Viewed thus as simple matter of fact, irrespective of any ^H 

I precouceived kinetics of intervening media, the net result ^^| 
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of Mr. Crookes's researches becomes nothing less than the 
discovery of a law of nature of great magnitude and 
the broadest possible generality, viz., that the sun and all 
other radiant bodies — i.e., all the materials of the universe — 
exert a mechanical repulsive force, in addition to the 
calorific, luminous, actinic, and electrical forces with which 
they have hitherto been credited. He has shewn that this 
force is refrangible and dispersible, that it is outspread 
with the spectrum, but is most concentrated, or active, in 
the region of the ultra-red rays, and progressively feeblest 
in the violet; or, otherwise stated, it exists in closer 
companionship with heat than with light, and closer with 
light than with actinism. 

"According to the doctrine of exchanges, which has now 
passed from the domain of theory to that of demonstrated 
law, all bodies, whatever be their temperature, are perpetually 
radiating heat-force, the amount of which varies, ceteris pari- 
buSy with their temperature. If we now add to this generali- 
sation that all bodies are similarly radiating mechanical 
force and suffering corresponding mechanical reaction, the 
difficulties vanish. What must follow in the case of a freely 
suspended body unequally heated on opposite sides P 

" It must be repelled in a direction perpendicular to the 
surface of its hottest side. If two rockets were affixed to 
opposite sides of a pendant body, and were to exert unequal 
ejective forces, the reaction of the stronger rocket would 
repel the body in the opposite direction to its preponderating 
ejection. This represents the case of the radiometer vane 
with one side blackened and the other side bright. When 
exposed to luminous rays the black side becomes warmer 
than the bright side, by its active absorption and conversion 
of light into heat, and the blackened face recedes. 
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" We may regard it as tliua reacting by its own radiations, 
or otherwise as acted upon by the more powerful radiant 
■whose rays are differentially received by the black a,nd bright 
sides. These different modes of regarding the action are 
perfectly consistent with each other, and analogous to the 
two different modes of regarding gravitation, when we 
describe the sun as attracting the earth, or otherwise, the 
earth as gravitating to the sun. Strictly speaking, neither 
of these descriptions is correct, as the gmvitation is mutual, 
and the total quantity exerted between the aun and the 
earth is equal to the sum of their energies, but it is 
sometimes convenient to regard the action from a solar 
standpoint, and at others from a terrestrial. So with the 
radiometer and the strictly mutual repulsions between it 
and the predominating radiant. 

" It appears to me that this unsophisticated conception of 
radiant mechanical repulsive force, and its necessary mechani- 
cal reaction on the radiant body, meets all the facts at present 
revealed by the experiments of Mr. Crookes and others. 

" The attraction which occurs when the disc of the radio- 
meter is surrounded with a considerable quantity of atmo- 
spheric matter is probably due to inequality of atmospheric 
pressure. The absorbing face of the disc becomes heated 
above the temperature of the opposite face, the film of air 
in contact with the warmer face rises, leaving a relatively 
vacuous space in front. This produces a rush of air from 
back to front which carries the radiometer vane with it. 
Wlien the exhaustion of the radiometer is carried so far 
that the residual air is only just sufficiently dense to 
neutralise the direct repulsion of radiation, the neutral 
point is reached. When exhaustion is carried beyoud this 
repulsion predominates. 



I 
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" Taking Mr. Crookes's estimate of the mechanical energy 
of solar radiation at 32 grains per square foot, 2 cwts. per 
acre, 67 tons per square mile, etc., and accepting these as 
they are offered, i.e., merely as provisional and approximate 
estimates, we are led to a cosmical inference of the highest 
importance, one that must materially modify our interpreta- 
tions of some of the grandest phenomena of the universe. 
Although the estima.ted sunlight pressure upon the earth, 
the three thousand millions of tons, is too small a fraction 
of the earth's total weight to eflfect an easily measurable 
increase of the length of our year, the case is quite otherwise 
with the asteroids and the meteoric matter revolving round 
the sun. 

" The mechanical repulsion of ra^diation is a superficial 
action, and must, therefore, vary with the amount of surface 
exposed, while that of gravitation varies with the mass. 
Thus the ratio of radiant repulsion to the attraction of 
gravitation goes on increasing with the subdivision of 
masses, and becomes an important fraction in the case of 
the smaller bodies of the solar system. A zone of meteorites 
travelling around the sun would be broken up, sifted, and 
sorted, into different orbits according to their diameters, if 
this superficial repulsion operated against gravitation with- 
out any compensating agency. Gravitation would be opposed 
in various degrees, neutralised, and even reversed in the 
case of cosmic dust. Comets presenting so large a surface 
in proportion to their mass would either be driven away 
altogether or forced to move in orbits utterly disobedient to 
present calculations. This would occur if the interplanetary 
spaces were as nearly vacuous as the torsion instrument with 
which Mr. Crookes made his measurements. 

" Regarding the properties of our atmosphere in the light 
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of experimental data, irrespective of imaginary molecules, j 
and their supposed gyrations or oscillations, we see at 
once that an luter-planetary or inter-stellar vacaum mnat 
act like a Sprengel pump upon our atmosphere, upon the 
atmosphere of other planets, and upon those of the sun 
and the stars, and must continue such action until an 
equilibrium between the repulsive energy of the gas and the 
gravitation of the solid orbs had been established. Atmo- 
spheric matter would thus be universally diffused, with 
special accumulations arouud solid orbs, varying in quantity 
with their respective gravitating energy. Such a universal 
atmosphere would accelerate orbital motion, and this accele- 
ration would vary with the surface of bodies. Its action 
being thus exactly opposed to that of radiant repulsion, it 
must, at a certain density, exactly neutrahse it. That it 
does thin ia evident from the obedience of all the elements of 1 
the solar system to the calculated action of gravitation ; and , 
thus Mr. Crookes's researches not only confirm the idea of 
universal atmospheric diffusion, but they afford a means by . 
which we may ultimately measure the actual density of the 
universal atmosphere." 

Since this was written direct experiment has proved that 
radiant heat does exert a repulsive force on bodies at adistance 
without any rebounding of molecules from the walls of any re- 
ceiver. A heated wire enveloped in smoke repels the particles ' 
of smoke from all aides, and thus becomes surrounded by a 
transparent atmosphere in the midst of the smoke. A closed 
chamber with opposite walls of unequal temperatures receives 
more dust on its cooler wall than on the warmer, owing to 
the repulsion exerted by the warmer. 

In Sections SI to 33 1 have stated reasons for concluding that 
vapour of water must be the chief constituent of the general 
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atmosphere of space. I will here add another argument stated 
in my little book " A Simple Treatise on Heat " (page 143), 
and based on the well-proved law that the tension of aqueous 
vapour varies with its temperature, irrespective of the other 
gases with which it may be mixed ; or otherwise stated, the 
limifc of the evaporation of water into surrounding space is 
simply a function of temperature, and not of the previous 
gaseous contents of that space. 

The water of our ocean being thus equally capable of 
evaporating into the dense air immediately above it, or into 
the lighter air above the clouds, or into all the boundless space 
stretching between the orbs of heaven, be that space a vacuum 
or a plenum, must thus evaporate or have evaporated into the 
interstellar space until all that space be saturated according 
to its temperature, and such space must have some tempera- 
ture seeing that it receives the radiations of all the countless 
suns of the universe. 

To those who assert that space has no temperature, I 
reply that the existence of our ocean proves that it has. 
The heat of the sun evaporates the water, and the 
vapour ascends by diffusion. As it ascends it receives and 
absorbs solar radiation, and therefore must go on diffusing 
throughout space until one of two things happens; either 
space must be filled with aqueous vapour of a tension cor- 
responding to the temperature, or the ocean must be 
dried up. 

We should remember in reference to this that aqueous 
vapour absorbs radiant heat very freely, and that we have 
evidence of the existence of water on other planets, on our 
sun, and on other stars that have been spectroscopically 
examined. Therefore the argument supplied by our ocean is 
further enforced by that of Mars, by the clouds of Jupiter, 
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I and by^ aJl the other undiffused accuinalationB of liquid 

or gaseous water in the iiniverse. 

A curious consequence follows from this diffaaion of 
aqueous vapour in apace. Every planet throws its shadow 
into it, and thus shields a portion from the expansive agency 
of solar radiation. Heuce there will be condensation within 
this shadow, and the shadowed space will be relatively 
vacuous; solid particles of ice will replace elastic gaseoua 
vapour. Au outward pressure proportionate to the tension 
of the aqueous vapour and to its resistance to planetary 
motion will thus be exerted. This, like the radiant force, i 
will proportionally counteract the shortening of the orbit I 
due to snch resistance. I hope to discuss this more fully 
in my promised Appendix. 

^^^ When these were written the subject of dissociation of the 
elements of water, carbonic acid, etc., by heat was compara- 
tively new and but little understood. I was unable to find any 
English treatise in which it was made at all clear, and 
even after studying the writings of Deville was compelled 
to venture upon some original generalizations, especially 
those concerning the analogy between evaporation and dis- 
sociation, and the consequent storage of heat in the solar 
regions within the photosphere — i.e., throughout the whole 
body of the sun. 

I wrote these early chapters in the intervals of my daily 
duties early in 1868, and subsequently, when in London, and 
engaged in literary work, I received for review, from the 
Editor of "Nature," on April 21, 1871, a copy of the " Atti 
dell' Academia Poutifica dei Nuovi Lincei," and there found 



ChAPTEKS IV. AND v. 
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in the number for July 1869 the following sentence at the 
conclusion of a paper by Father Secchi : — 

"Entrato cosi senza volerlo in un campo di ricerche 
chimiche averei a dire delle applicazione al Sole che si puo 
fare delle belle ricerche sulla dissociazione dei gas scoperto 
del Sig. Ste. Claire Deville e che si conducono ad intendere 
come quest' astro possa durare millione de' secole a radiare 
calore senza diminuire sensibilmente. Ma qui fo punto; 
perche spero di potere esporre altri f atti importante in un 
altra communicazione relativa a questo sogetto." 

" Having thus unwillingly entered the field of chemistry, 
I shall have to speak of the application to the sun that may 
be made of the elegant researches of Sig. St. Claire Deville, 
which help us to understand how this star may continxie for 
millions of ages to radiate heat without sensible diminution. 
But here I must stop, as I hope to be able to expound other 
important facts in another communication relating to this 
subject." 

This paper was read to the Lincei when the early 
chapters of my book were already in the printer's hands, 
and about a year after they were written. It is evident 
that Father Secchi was, quite independently, working out as 
nearly as possible the same ideas concerning the reserve of 
energy due to the latent heat of dissociation as those 
expounded by myself in Chapters IV. and V. Although 
they were unappreciated at the time, they are now generally 
and freely accepted by all whose conclusions on the 
philosophy of solar physics are worthy of attention, I am 
justified in giving very hearty welcome to such concurrence 
of thought in the mind of so eminent an authority on Solar 
Physics. 
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Chapters V. and VI. 

These espound the most important and the moat original 
elements of the Essay, and therefore will be last to become 
understood and accepted by the " learned," I have lived ' 
long enough and have studied human nature sufiBciently to 
feel no disappointment at this. It is perfectly natural that 
men, who Lave attained to the high and authoritative 
scientific positions tliat are usually awarded to those who 
have attained the greatest quantity of knowledge as 
measured by examinations and mechanical researches, 
should take it for granted that a non-graduated outsider is 
incapable of teaching them anything, and therefore they 
refuse even to look at such a work as this which presumes 
to teach them so much. 

I hope tlie reader will not niisunderstand me by 
supposing that I apply the above remarks to all official 
scientists, to all who have succeeded in obtaining the much 
coveted distinctions and emoluments that are but too 
sparingly offered to men of science. We have, happily, 
among them many true philosophers — mathcmaticiaiiB 
whose reasoning powers have not been swaddled and 
crippled by the excessive use of rote-learned and mecbani- 
eally-applied formula ; men who can reason as well as 
formulate, and who understand the difference between these I 
processes. A large proportion of these have not of course 
read my book simply because it does not specially conce 
them. Some of them have, and from these I have received j 
very flattering communications which I may publish here- | 
after, but which, in the meantime, I reserve for obviona i 
reasons, much of the book still remaining heterodox. 

The misfortune (if it be really such) o^ Inno- delay in 
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the acceptance of the far-reaching cosmical philosophy 
expounded in these chapters, has been much aggravated by 
the wide prevalence of the recent fashion of describing the 
whole universe as dying out by means of " the dissipation 
of energy.** This has been called " The New Astronomy/* 
In spite of the high authorities that have adopted it, I 
have no hesitation in describing it as one of the most 
remarkable epidemics of delusion that can be found in the 
history of science. Future historians of the intellectual 
progress of mankind will describe it accordingly, awarding 
due honour to the few who have protested against it. 

This phenomenal aberration is concisely stated, though 
not absolutely adopted, by Professor C. von Nageli of 
Munich, in an address delivered at the Munich Meeting of 
the German Association, 1877. He says: "Condensation 
of matter has now gone on for an infinite time, and the 
results are first nebulse, then burning liquid drops, which 
cool down to dark bodies. In the present we are upon one 
of these condensed and no longer incandescent world-drops. 
According to the natural laws known to us, the still incan- 
descent and the already dark heavenly bodiies must continue 
to give oflF their store of heat to universal space. By and by 
they must fall upon one another, and even if then a local 
rise in temperature again takes place, this, after all, only 
serves to accelerate the process of cooling on the whole. At 
last all heavenly bodies will unite in a dark, solid, icy mass, 
upon which there is no longer any motion or life ! ** 

The astonishing feature of this paradox is that it should 
be so nearly coeval with that greatest generalization of modem 
science which it so flatly contradicts, viz., that force like 
matter is indestructible, is an absolute quantity that never 
varies, however variously it may be transformed. 



Those who have gone deeper into this subject than the 
measuring machinery o£ mathematics can carry us under- 
stand that the indestructibility of matter and the indestructi- 
bility of force are merely different expreaaions of the same 
fact; thej understand that we know absolutely nothing of 
matter but its various motions that act upon our Benaes, and 
its resistance to our own movements, which resistance is an 
act o£ momentum, seeing that nothing is at rest. 

The origin of this fallacy concerning the final death of the 
universe) its " thermal and mechanical equilibrium " resulting 
from the dissipation of energy, appears to me to reside in a 
fundamental misconception of the nature of matter, in re- 
garding it as inert or physically dead, as a something that 
is only moved by something outside itself, and abstracting 
force as this outside ghost or mover.* 

The old conceptions of heat, light, ajid electricity as 
" imponderable " fluids, and of gravitation as an outside 
something pulling otherwise inert masses towards each other, 
are not yet eradicated from the minds of even very eminent 
scientists. They have yet to learn that force is nothing else 
than matter in motion, and that all matter is essentially and 
necessarily and perpetually active ; that the essence of 
materiality is activity, that it is always exerting force, always 
moving. Matter at rest is absolutely unknown and neces- 
sarily impossible ; we only know it by its active operation on 
our senses, as force or motion localized. 

But I must resist the temptation to discuss this further, 
merely adding that the radiations from the incandescent and 

• "Definition ofFoece. — Forooismhateveroiiaiigesortendstochangethe 
motion of a, body by alteriog oithor ita direotion or its magnitude ; and a force 
acting; on a body 19 meajiarai by the momentum it produoea in its oim direotion 
□ unit of tiniB." — J. Clbbk: Maxwell, 
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other orbs must go somewhere. If they are not absorbed by 
atmospheric matter in space, they must travel on till they meet 
solid matter and be absorbed by that. The conception of a 
boundary to space is impossible, or even if such an absurdity 
were conceived, the paradoxer must conclude that the 
outer boundary wall of the universe would receive all these 
radiations. 

My theory of an universal atmospheric medium receiving 
all the radiant heat of all the orbs of space, and returning it 
to them in the manner described, unravels the whole tangle 
of contradictions that otherwise prevail. 

Chapters VII. and VIII. 

According to these all the effects of solar radiation may 
be explained without assuming any preternatural tempera- 
ture of the solar surface. The confusion into which this 
subject of solar temper&^ture has otherwise fallen is shewn by 

the following figures : — 

Newton estimated the temperature of the sun's surface as 1^669,300^ 
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These figures are obtained from two classes of investiga- 
tion, the experimental and the mathematical. The experi- 
mental results vary but slightly. The extreme discrepancies 
are results of mathematical demonstration. 



^^y PREFACE TO THE 

The extravagantly iiigh figures obtained by the mathe- 
maticians are, I suspect, due to a misapplication of the 
mathematical fiction of a "point" having neither length, 
breadth, nor thickness, or that of a surface which has length 
imd breadth without thickness. These fictions are of the 
utmost value in abstract reasoning; the first expressing 
positiou in the abstract, the second extension in the abstract, 
bnt neither represent any existing thing. These are power- 
fol logical weapons when properly used, but are proportion- 
ately dangerous when wielded without an ever-present 
eonaciousness of their fictitious character. 

Thus, in reasoning on solar gravitation, we may assume 
that the energy of the whole mass of the sun is located at a 
certain point — at the position of his centre of gravity, — but 
in order to escape absurd fallacies, we must never lose sight 
of the purely fictitious character of this asaumption, which 
necessarily (though not obtrusively) involves the idea of an 
infinite concentration of specific gravity at this point. 

Now it appears to me that the mathematicians who have 
Bnpplied us with such inconceivable temperatures for the 
solar surface have proceeded in a manner corresponding to 
that of assuming an actual, instead of fictitious, concen- 
tration of all the solar gravitating energy at its centre of 
gravity. 

They have reasoned or formulated on the basis of the 
law of inverse squares, working back from the heat received 
on a given area of the earth's surface to a point or surface 
corresponding to the position of the sun, and have given to 
the point or surface a calorific intensity which would be 
demanded of such a point or surface if it actually did all the 
work. This is equivalent to ascribing to the centre of the 
sun an actual intensity of gravitating energy (i.e. specific 
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gravity) equal to that of gravitating energy of the whole 
solar mass. In this case the absurdity is at once obyious. 

In the case of the luminif erous radiations, it becomes 
equally evident when my experiments on the efficiency of 
thickness or depth of radiant flame are considered. There may 
be a limit to this efficiency, and there must, in the case of 
the photosphere, be a limit to its depth and thickness, due 
to the laws of dissociation. A relatively moderate depth is 
quite sufficient to make all the difference between the 
extremes of Vicaire and Waterson, between 1398° and 
9,000,000°, if the action is extended to a mile or two of 
depth, or even a yard or two, instead of concentrating all on 
a mathematical surface having no thickness whatever. 

Since the publication of these chapters the principle to 
which I ascribe the efficiency of solar radiation has been 
practically applied in providing an artificial substitute. 

Where a large number of workmen are employed at night 
over a considerable area they are now lighted by flames of 
moderate intensity, but of great length and thickness. These 
are more effective for imitating daylight than an intense, 
small-sized electric light. The flames are usually produced 
by j^ts or sprays of mineral oil, uniting to form a great body 
of flame three or four feet high, and as much as a foot in 
thickness. I refer to the " Lucigen ^' and other similar 
devices now in common use. 

The experimental results stated in the table are chiefly 
spectroscopic, obtained by comparing the solar spectrum 
with the light of the voltaic arc and other tangible data. 
They are represented by the lower estimates of temperature, 
and are closely in harmony with my theoretical anticipations. 

Similar experiments to mine on the radiations of flames 
through flames have been made by others, but the results 
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liave Taried considerably. The aources of the discrepanciea 
axe, I suspect, twofold. First, that which is described 
in Section 98, viz., radiation in part through products of 
combustion, instead of pure flame ; and second, radiations 
from sources of different temperature to the flame through 
which they were made to pass. 

Mr. Wilkinson and myself subsequently made further 
experiments with larger numbers of flames, and found them 
conti-adictory and unsatisfactory on account of the difiiculty 
of obtaining a great thickness of homogeneous and equally 
heated flame. The principal result of this later series was 
the demonstration of these sources of error. 

ChAPTEKB IX. AND X. 

I liave little to add to these without enteidng upon details. 
The reversion of the dark lines on the edge of the sun as 
Been at the moment of its first uncovering in eclipses, and the 
similar reversion of the H lines on the faculs! surrounding 
the spots observed by Dr. Huggins, are directly confinnatory 
of my explanations of their character and t'onnation. 

The great instantaneous photographs of the solar surface 
made by Janssen shew, as distinctly as such foreshortened 
pictures can shew, that the mottling' consists of the flame 
tongues I have described in Chapter X. 

Besides these I may refer to the confirmation of the 
downrush into the sun spots which has been subsequently 
demonstrated by spectroscopic displacement. 

Chapters XI. and XH. 

The reader should first remember that the bold estimates 
of the magnitude of the ejecting forces upon wliich I ven- 
tured in these chapters were forced upon me as necessary 
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consequences of the preceding theory of their nature. Every 
step that has subsequently been made in solar physics justi- 
fies these estimates. With our present knowledge they cease 
to have the aspect of rashness they originally presented. 

When my theory of the corona was published, Mr. 
Lockyer was still struggling with heroic pertinacity in the 
maintenance of his "atmospheric glare" theory, which 
assumes that the luminosity surrounding the dark body of 
the moon has the character of a halo. I reprinted the 
diagrams (the best I could then obtain) with some degree of 
fear and trembling, lest they should be exaggerations of the 
rifted branching a^d filamentous structure of this solar 
appendage, such structure being that which my explanation 
imperatively demands. 

These pictures (which I retain in this edition) are now 
known to be very mild representations of these crucial 
features. At subsequent eclipses they have been presented 
much more strikingly, and the eye observations and eye 
drawings of them have been confirmed by photographs. 
Their variability, which, in 1869 and later, were regarded as 
throwing doubt upon their correctness, is now understood 
very difEerently. The corona itself is continually varying, 
and the most recent observations have suggested the con- 
clusion that these variations are connected with those of the 
sun-spots and the prominences. 

As regards the extension of the corona, the observations 
made at recent eclipses, especially those made at stations of 
great elevation, reveal a structure which renders the adoption 
of my ejection theory almost compulsory. My contention 
that it is composed of solid particles rather than gaseous 
matter is now fully settled, and the alternative theory of 
meteoric matter falling into the sun is refuted by the ex* 
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' tensions of the outlying brushes, Thej are neither all round 
the sun alike, nor arranged in accordance with the aun'a 
course in space, but are just where the maximum ejections 
should be found. The approximate squareness of outline 
corresponds to excess of quantity and energy of ejection 
from the two spot zones. 

My suggestion that the zodiacal light is a continuation 
of the corona has received a striking confirmatioii by the 
aeries of observations, made at different stations in America, 
during the eclipse of July 29, 1878. The moat remarkable 
of these were made by Professor Langley from Pike's Peak, 
a.t an elevation of 14,000 feet above the sea, where atmo- 
spheric obscuration was so gi-eatly diminished, and precau- 
iions for securing the eyes from sun-glare were taken. 

Describing the greatest extension, he says (" Reports on 
Total Solar Eclipses of July 29, 1878, and January 11, 1880, 
issued by the United States Observatory," p. 208): — "The 
central part of the wing on the left, near the sun, waa 
brighter than the edges, which were ao diffuse as to make 
the determination of its exact boundary difficult. It ap- 
peared to me, howeyer, to be considerably more than a solar 
diameter in width, and it was uow visible to fully twelve 
diameters in length. It was not ao absolutely structureless 
as the zodiacal light, perhaps, and it appeared longer in pro- 
portion to its breadth than that ; otherwise, I should com- 
pare it to the zodiacal light with more confidence than to 
anything else." The next paragraph of the description 
concludes thus : " It remained, I repeat, persistently visible. 
The twelve diameters through which I traced it under these 
circumstances, I feel great confidence in saying, tvere but a 
portion of its extent," The italics are Professor Langley's. 
Twelve solar diameters amount to 10,200,000 miles. This 
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extension brings the corona fairly and fully into the observed 
body of the zodiacal light. 

Langley describes and pictures another wing on the oppo- 
site side of the sun. All the other observers of this eclipse 
at all the stations describe and figure similar wings, but 
their visible extensions varied with the altitude of the 
observers and the clearness of the atmosphere. All agree adsi 
regards the position of these maximum extensions or wings, 
which are represented in twenty-one elaborate plates and 
twenty-five outline sketches. This position, i.e., the line of the 
axis of these maximum extensions, is shewn and described 
as deviating somewhat from the direction of the sun's equator 
towards that of the ecliptic, thus corresponding to the posi- 
tion of the axis of the cone of the zodiacal light, as described 
by the authorities quoted in Sections 186 and 187. 

Chaptees XIII. AND XrV. 

When these chapters were written the speculative ele- 
ment of the theory they expound was the demand for velo- 
cities of ejection of sufficient magnitude to effe'ct the 
projection of the condensed matter of the prominences to so 
great a distance as our earth and that of the asteroids. 

Subsequent observations have removed this difficulty ; the 
initial velocities which I inferred to be possible have been 
proved to be actual.* They even justify a further extension 
of the theory, viz., that our sun, and the stars generally, fling 

* " We turn our telescopes then to the sun to see whether he ever does such 
amazing expulsive work as this requires of him, perhaps hardly expecting to find 
signs of it. But lo ! he has been detected in the very act. He has been caught 
ejecting flights of bodies from his interior with velocities so great that not even 
his mighty attractive power could even bring them back again. In one such 
outburst velocities of 450 miles per second at his visible surface were indicated, 
which would be sixty-eight miles per second more than would be required to take 
such matter ever away from him." — Proctor, 
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Ont portions of their substances beyond the reach of their 
own reclaiming gravitation, and thus produce both the 
comets and meteorites that are wandering in space, and fall 
from time to time within the gravitation grasp of other suns 
and planets. 

Reflection on this and the resnlta of Schiarparelli's re- 
searches, with which I was quite unacquainted when I 
wrote these chapters, have modified and at the same time 
extended my views of the subject. I will state in as few 
words as possible the nature of these modifications and 
extensions. 

Besides the ferruginous meteorites that fall on the earth 
(of which the Leaarfco, described in Chapter XITI., may be 
regarded aa a type) , there are others containing but little iron, 
and so different in general composition as to suggest the pro- 
bability of adifferantorigin. The abundance of irouinthesun, 
as shewn by the spectroscope, suggests that the ferruginous 
meteorites come from him, and the probability that the others 
have been ejected by other stars of different composition, and 
that we encounter these in our journey in apace aa a 
system. 

The fact that the millions of lumiuous meteors that blaze 
out in complete combustion on entering our atmosphere are 
80 largely grouped into systems of their own, and come to ua 
from determinable points or regions, many of them corre- 
sponding to the paths of known comets, indicates pretty clearly 
an origin from without. The heavy ferruginous meteors 
belong to none of these systems ; their falls upon the earth 
having no connection with the great meteoric showers. 

Dr. Huggins's demonstration of the preponderating 
amount of carbon, or rather hydro-carbon, in comets, and the 
indications of similar composition of the lumiuous meteors, 
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coincide with the evidence derived from the resemblance of 
their paths to connect them with comets. 

These facts induced me to suggest in the " Grentleman's 
Magazine " of August, 1881, a new solution of a great geo- 
logical problem, viz., that of the origin of the carbon which 
appears upon the eaiiih's crust in quantities that go on in- 
creasing with the succession of its strata, i.e., that the later 
strata contain more and more than their predecessors; that 
while we can account for the materials (with one exception) 
of the stratified rocks as made up by the disintegration and 
redeposition of their plutonic and metamorphic predecessors, 
we fail to find in the old material a sufficient supply of carbon. 
This has been well worked out by Dr. Sterry Hunt, who 
shews that we must go outside the solid earth, the ocean, and 
our atmosphere, for the enormous quantity of carbon consoli- 
dated in our limestones and other carbonates, and in our coal 
seams and other organic deposits. He supposes that the supply 
has been derived from the carbonic acid of space. I think it 
demonstrable that tJiis has been supplemented by the com- 
bustion of the material of comet trails (not tails), such as we 
see actually occurring in every " shooting star." 

The one geological exception referred to above is iron. 
The universal distribution of this throughout aU the later 
rocks of the earth's crust I believe to be due to the continual 
fall of ferruginous meteoric dust. 

The great number of asteroids that have been discovered 
since 1 869 connects them more directly with the meteorites. 
Tens have become hundreds, and hundreds may become 
thousands and tens of thousands if they continue to be re- 
garded worthy of further discovery and counting. What I 
have said above applies to them also. 

The late E. A. Proctor so far improved upon my views of 



PREFACE TO THE SECOND EDITION. XXXIIl 

flolar ejection and the solar chai-acter of the outer planets, aa 
to suggest the probability of the ejection of some of the 
comets and their meteoric trails from these semi-aolai- planets. 
His argument in favour of this is mainly based on their paths. 

As regards the initial paths of the solid projectiles from 
the prominences it must always be understood that the 
typical form of a prominence is that of stem rising from the 
sun, surmounted by a cloud or radial branches. The follow- 
ing is Proctor's description of Eeapighi's observations : " He 
found that the formation of a prominence is usually preceded 
by the appearance of a rectilinear jet, either vertical or 
oblique, and very bright and well defined. This jet, rising to 
a great height, is seen to bend hack again, falling upon the 
aun like the jets of our fountains, and presently the sinking 
matter is seen to assume the shape of gigantic trees more or 
less rich in branches and foliage." . . ."Itis in the upper part 
of suck prominences tliat the most remarkable and rapid trans- 
formations are witnesfled." ..." He (Beapighi) considers that 
the sharply defined bases of the eruptive jets prove tJtat the 
eruption takes place through some compact substance forming a 
species of solar crust." Zollner and others describe a similar 
resisting stratum. 

Those who have thoughtfully read what I have written 
concerning the laws of dissociation and recombination in 
their application to the fonnation of the prominences, will 
easily imderstand that the masiraum force of eruptive ejec- 
tion cannot occur at the starting of a prominence ; that the 
explosive recombination of the elements must be restrained 
BO long as the surrounding temperature is near to that of the 
dissociation point ; that the great explosive action must 
occur when the mass of gaseous matter has come to the cooler 
regions above. 




XXXIV PREFACE TO THE BEOOlfD EDITIOK. 

Besides this the condensation of tlie iron and other 
metallic vaponrs into metallic hail will also take place at a 
considerable distance beyond the solar surface. Thus the 
maximum of ejective violence ?dll occur where the ejected 
matter may be thrown freely from the body of the sun, m dU 
directions^ some perpendicularly upwards, some tangentially, 
some downwards, and the rest in all intermediate directions. 
The immediate formation of closed orbits will occur when 
the velocity and the approach to horizontal projection are 
sufficient. 

As stated in Section 216, the eccentricity of such orbits 
would be liable to alteration by the disturbing action of the 
planets when at or near their aphelion distances. K the 
planet retards the motion in this part of the orbit the result 
will be an elongation of the ellipse — an increase of eccentri- 
city. If it accelerates the orbital velocity of the small body 
at or near its aphelion it will diminish its eccentricity. A 
body projected in a long elliptical orbit to an aphelion 
distance, bringing it within the region of the great Jupiter's 
dominant attraction, would therefore be subject to accelera- 
tion if its orbital movement be direct, or to a retardation if 
retrograde (I speak of average result), and thus the retarded 
body would ultimately be returned to the sun, and the acce- 
lerated body would attain an orbit somewhere between that 
of Jupiter and that of Mars, where we find the asteroids. 

The full significance of Section 216 will be better under- 
stood by further explanation. As above stated, the retarda- 
tion of a body when at or near its aphelion (i.e., during its 
journey from the end of the minor axis of its elliptical path 
to aphelion, and back again from aphelion to the other end 
of the minor axis, or the aphelion half of its orbit) increases 
the eccentricity of the orbit. But a retardation during the 
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opposite perihelion half has the contrary effect, Therefore 
collisions with the materials of the corona and zodiacal light, 
which, if I am right, must abundantly occur at every return 
to the sun, are continually dimiuishing the eccentricity of all 
such projected bodies. 

This suggests something else which I venture to offer 
for the consideration of astronomers. I do so with some 
diffidence, as the subject is purely mathematical, and I am 
not a mathematician. 

It is this. Accepting the Newtonian explanation of the 
orbital motion of the planets and satellites in its simple and 
original form, viz., that it is the resultant of an original 
impulse or projectile tangental force and the continuous 
force of the gravitation of the primary, we encounter a dif- 
ficulty of tremendous magnitude in the nearly circular orbits 
of all the planets and all the satellites, unless we revive the 
crude idea that each was projected separately by a special 
act of intelligent volition guided by mathematical con- 
siderations. 

In order that a planet or satellite shall, by the operation 
of purely physical forces, acquire a circular orbit, the pro- 
jectile force must operate in a direction precisely at right 
angles to the line connecting the centres of gravity of the 
body and its primary, Beaidua this, its velocity of projec- 
tion must be precisely adjusted to the gravitating energy 
of the two bodies at their particular distances from each 
other. 

The probahihty of this occurring in any one case as a 
physical result amounts almost to infinity against one ; or that 
an approximation to circularity such as that of the earth's 
orbit should occur, demands enormous odds. That all the 
planets and all the satellites should travel in orbits of &nch 
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small eccentricity is so extravagantly improbable that it de- 
mands imperatively some physical controlling cause — some- 
thing that has operated or is operating to reduce eccen- 
tricity in the prbits of such bodies. The nebular hypothesis 
does something towards this ; but is it sufficient ? 

The resistance of an universal atmosphere, with its mean 
accelerating effect, i.e., its shortening of the orbits, affords, 
if I am not mistaken, a simple and satisfactory solution of 
this difficulty, which has the profound advantage of demand- 
ing no wild soaring of the imagination, no visionary 
attempt to grasp the infinite by describing the beginnings 
of creation, nor any other invasion of the domain of the 
poet. It simply assumes that the visible and demonstrable 
machinery of the universe at present existing has existed 
previously. 

This being granted, it is easy to prove that a resisting 
medium perpetually tends to diminish the eccentricity of all 
elliptical orbits, and that it does this with an energy pro- 
portionate to the amount of such eccentricity, and to the 
ratio of the surface of the moving body to its mass. 

This depends on the easily proved law that a disturbing 
force, acting perpendicularly to the radius vector in the 
direction of a planet's motion, increases the eccentricity if 
it acts on the planet near perihelion, and diminishes the 
eccentricity if it acts on the planet near aphelion; and 
similarly, if the force acts in the direction opposite to a 
planet's motion, it diminishes the eccentricity by acting near 
perihelion, and increases it by acting near aphelion (Airy). 

This of course applies to all bodies revolring in elliptical 
orbits around a primary. 

The resistance of atmospheric matter to the motion of 
such a body is of course in a direction opposite to its 
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motioD, and this resistance varies approximately with the 
Bquare of its velocity. Therefore the sum of this opposing 
force duriog the perihehon half of the orbit is greater than 
daring the relatively slow moving half, and the eccentricity 
tniiat be diminished accordingly. 

In the case of the smaller meteoric bodies its effect will 
be very considerable on account of their greater surface in 
proportion to their mass. 

If the eccentricity be very great a still further excess of 
resistance at and near perihelion will probahly occur on 
account of greater density of atmosphere in that region. 
This is in addition to the collision with coronal and zodiacal 
matter already referred to. 



Chapteeb XV. TO XIX. 

As stated in Sections 223 and 224, the comparison of the 
observed atmospheres of the planets and satellites with the 
accumulations demanded by my primary assumption of uni- 
versal atmospheric diffusion, affords a very severe crucial 
test of its soundness. If only one of the satellites, or only 
one of the smaller planets, had a demonstrably dense atmo- 
sphere, the whole fabric would be undermined. 

If the popular hypothesis, that the amoimt of atmo- 
spheres are fortuitous, and that our moon once had a dense 
atmosphere and abundant ocean which have retired to 
cavernous depths below the surface, were sound, we ought 
to find some indication of some measureable amount of 
atmosphere attached to some of the other satellites — a fact 
which their transits and occultations should render evident. 
Nothing of the kind is observable. 

The only discrepancy that was presented at the time of 
writing was that of Mars, which was then generally credited 
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with a dense atmospliere. This idea has now subsided; the 
reasons stated against it in Chapter XYI. are accepted by those 
who have read them and think. If Mars had an atmosphere 
capable of sustaining definite clouds they must have been 
detected ere this. I have read most of the reports of observa- 
tions made since 1869, and havefoundno accountsof anything 
beyond the mists I have described. Details of these will be 
given in my full Appendix. 

My boldest speculation was that which is embodied in 
Chapters XVII., XVIII., and XIX. When I calculated their 
theoretical atmospheres I saw clearly that all my work must be 
wrecked if Jupiter, Saturn, Uranus, and Neptune were ordi- 
nary cool planetary bodies like our earth, as then described 
in all astronomical treatises. Their dimensions, amount of 
atmosphere, and satellite reactions rendered them, of neces- 
sity, semi-sims, if my explanations of solar energies were 
sound. I had never heard of any suggestion of their fiery 
solar structure, though my theory imperatively demanded it, 
and therefore wrote these chapters with conscious temerity. 

The first outside justification I met with was in December, 
1869, when I had in hand the proofs of the last chapters of 
the book — ^just in time to insert the Appendix numbered 
291a. This was followed by Mr. Proctor's acceptance of my 
conclusions ("St. Paul's Magazine," April and October, 1871; 
"Cornhill Magazine," 1872; "Popular Science Eeview," 
October 1873, and other places). They are now pretty 
generally admitted by astronomers of all nations. 

Chapter XX. 

I cannot say that my view of the constitution of the 
nebulse is yet accepted, and can hardly expect it to be so for 
some time, as it is not merely new, but is revolutionary ; it 
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■trikes at the root of the now prevailing theories of cosmical 
eTolution as well as that of the older form of the nebular 
hypothesis. 

The progress of our knowledge of fact* is, however, all in 
my favour. Changes in the forma of nebulse have been ob- 
served which are by no means due to their resolution or 
condensation. Linear ejections have been seen proceeding 
from them to considerable distances beyond their general 
boundaries, and what is the most significant of all, the stellar 
outbursts which, at intervals, both in bygone and recent 
times, have startled and puzzled astronomers, now appear to 
be associated with the nebulee, both by their position within 
the nebulse, and by the identity of their speeti-a. 

That in the nebula of Andromeda, which by its outburst 
{September, 1885) became a "nova stella," maybe cited as an 
example. Eeferring to this event the late K. A. Proctor, in 
a letter to the "Times," said ; — 

" The identity of this spectrum with the characteristic spectrum 
of the nebula proves beyond further question that the star is physi- 
cally associated with the nebula. It would have been a strange 
chance that a star, really much nearer, should hv chance have 
appeared in the very heart of the moat interestitig nebula in the 
heavens, and a jet stninger chance that a new star, appearing some- 
where else, should have shewn the same peculiar spectrum as the 
Andromeda nebula ; but that both these chances should bo combined 
18 altogether incredible. To this we may add that we have other 
reasons for regarding stars in nebulic as physically associated with 
the nebulous matter amid which they seem immersed. The most 
wonderful variable star in the heavens, Eta Argus, is in the very 
heart of the great Key-hole nebula in the keel of the star-ship Argo, 
Now, that star outshone in 1840 even Canopus, the second star in 
the heavens for splendour, and rivalled Siriua, the first. It is now 
barely visible on the darkest and clearest night. Imagine that 
nebula ten times as far away, and we should ha\e had in the out- 
blaaing of Eta Argils the apparent formation of a new star. But 
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the most decisiye evidence was given by the new star in Cygnus in 
1876, without which, indeed, the coincidence of Eta Argus in 
position with the great Argo nebula might still be regarded as signi- 
fying no physical association ; for that new star shone out in the 
midst of a nebula not before detected, but still visible in the place 
where that star had its short career of splendour. 

" Mr. Tarrant's observation of September 3, combined with Mr. 
Chambers's of September 4, proves that the new star and the nebula 
are actively disturbed. The star's seeming change of position, if 
confirmed, will be worth watching. 

" The sudden appearance of the new star is decidedly the most 
interesting astronomical discovery — or rather event, for the discovery 
was inevitable — since Adams and Leverrier calculated the place of 
the as yet unknown Neptune. It disposes finally of the theory that 
the nebulsB are, or may some of them be, external galaxies." 

In concluding this long Preface I desire to add that the 
text of the original essay remains unaltered, and will not be 
altered hereafter, whatever additions I may make in the form 
of Appendix, or whatever new edition 1 may publish. 

As already stated, I am not disappointed at the limited 
extent and slow progress of the acceptance of my innovations. 
I was f orwarned of this by my friend poor Jack Brough of 
the London Institution, who, although consciously dying at 
the time, could not abstain from one of his customary out- 
breaks of humorous wisdom : — 

" Sorry for you, old fellow ; have spoken to lots of fellows 
about your book. The chemists say that the chemistry is all 
right, but there must be something wrong in the astronomy ; 
the astronomers say the astronomy will do, but there must 
be something wrong in the chemistry. Between the two you 
are nowhere." 



The Change, Neasden. 
May 1890. 
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CHAPTEE I. 



THE ATMOSPHERE UNLIMITED. 



KABTH B ATMOBPJieCB — QUBTBLET 
WEIGHT OF ATOMS ITNKNOWB- 

TTNLIMITBD — IBFLUENCB OF DI 
EXTEBT OF THE iTMOSPHEEE.' 



1. The atmosphere iirhicli clings about our globe, and travels 
witb it in its yearly flight and daily rolling, varies in density as 
it varies in diatance from the earth's surface ; each succeeding 
layer being rarer than that below it. This is so well under- 
stood, that I need not describe any of the particular observa- 
tions upon which the induction is based. We know, by direct 
observation, how much lighter is the atmosphere at certain 
given distances from the sea level, when the teniperature and 
other conditions are given; but we do not know this at any 
{fiven distance, the limit of our knowledge being the height of 
accessible mountains.* 



* Baloon ascents have added nothing to our knowledge in this direction, 
borometricid variatioos beiog the only measures used in detenuiniug the heights 
attained. It would be an interesting eipcriment tj:i moke a series of irigono. 
metrical observations Ihim the two ends of a measured base line on the earth, 
Biniultaneously with the barometrical observations of the aeronaut, and to aom- 
pue the results. 
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2. Laplace, by carrying upwards his formula contrived for 
tarometrical measurements, states, that at a height of 52j98f> 
metres, or rather less that thirty-three miles, the atmosphere is 
thinned out to a density only equal to the utmost degree of 
rarefaction obtainable in an air pump of the best construction. 
Leslie's formula for barometrical measurements may be simplj 
stated as follows. Observe the height of the barometer at any 
two places ; then, as the sum of these heights of the mercniy 

i to their difference, so is 52,000* to the difference of the 
height of the two stations measured in feet. This, with cottdc- 
tions for temperature, affords a fair practical rule for the mea- 
surement of attainable elevations in the temperate zone. If, 
however, we carry it upwards to an imaginary station on the 
supposed surface-level of the atmospheric ocean where the 
barometer must stand at 0, it gives us 52,000 feet, or less than 
ten miles, as the height at which the atmosphere terminates. 

3. In meteorological treatises the average height of the 
atmosphere is usually stated to be forty or fifty miles. Where 
the subject is lightly treated, or the motto of the book-maker 
is " aut scissors ant nullus," there is little discrepancy in this 
estimate ; but among authors of original authority the discre- 
pancies are very considerable. For csample, in the article 
"Atmosphere," in the Encyclopedia Britannica {8th edition), 
page 180, the writer says : — " But if air consists of atoms in- 

5 of further division, it is obvious that the height of the 
has a limit, and that limit is the place where the 

I gravitation of the atoms of the air just balance the force of 
their repulsion. The exact situation of this limit we cannot 
assign ; but it cannot far exceed the height of forty-five miles 
above the earth's surface." In the article "Pneumatics," in 
the same edition of the same work, I find the following on 
page 27. "Now it is easy to show, that the light which gives 
us what we call the twilight, must he reflected from the height 
i 



* Hr. Alei. J. Ellis ^yei 62,400 inetead of S2,O0D. Bender, voL iv., p. US. 
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of at least fifty miles ; for we have it, when the sun is depressed, 
eighteen degrees below the horizon." In the same article, page 
56, the data upon which this calculation is made are given and 
illustrated, and the limit is concluded " to be about forty-five 
miles ;" but the writer. Sir John Robiaon, adds that " a very 
sensible illumination is perceptible much further from the sun'a 
place than this, perhaps twice as far, and the air is sufficiently 
dense for reflecting a sensible light at a height of nearly two 
hundred miles." Now if this is the case, what becomes of "the 
place where the gravitation of tlie atoms of the air just balance 
the force of their repulsion," and which "cannot far exceed the 
height of forty-five miles above the earth's surface?" 

4. Other observations besides those on atmospheric reflec- 
tion, afford direct refutation of this usually assumed limit of 
forty-five miles. As an example of these I make take the 
detonations and other phenomena presented by luminous 
meteors, from which M. Quetelct has inferred the existence 
of what he calls the " stable atmosphere " occupying the region 
extending from forty to eighty mites above the earth's aurfaee. 

5. I am utterly at a loss to understand upon what evidence 
Dr. Thomas Thompson, the writer of the article "Atmosphere" 
above quoted, and other writers who use the same expressions) 
base their determination of " the place where the graritation of 
the atoms of the air just balances the force of their repulsion." 
For such determination they would require to know the abso- 
lute weight of the ultimate atom. We are at the present day 
just as far from a knowledge of that quantity as the wrangling 
pedants of the middle ages were from the solution of their much 
vexed question, of how many human souls could stand on the 
point of a needle. 

6. There is a serious objection to this hypothesis of atomic 
limitation of the earth's atmosphere, which seems to have 
escaped the attention of all the writers on this subject. The 
atmosphere is supposed to terminate just where the reduced 
plast icity of the last layer but one of the atmospheric atoms 
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Jb and balnncca the gravitation of the 
[ last layer of all. These surface atoms must therefore rest upon 
their spring couch with the hghtest conceivable touch; their 
downward gravitating tendency being counterbalanced by the 
outflying impulse of their own gaseous elasticity and that of 
the atoms below thcra. They must be in a state of utteriy 
unstable equilibrium, which, combined with their perfed 
fluidity, would leave them subject to the smallest conceivable 
force. Any impulse, however slight, would carry them away in 
its own direction. Now the carefully observed and calcidated 
movements of Encke's and Ilalley's comets have proved the 
existence, in planetary space, of a medium which has been 
called "the luminiferous ether," offering an appreciable and 
measurable degree of mechanical resistance to the motion of 
such attenuated matter as that of which comets are composed. 
What must he the action of such a resisting medium upon the 
supposed boundary atoms of the atmosphere of our planet as it 
is rushing through it with its orbital velocity of nearly two 
millions of miles per day ? Obviously, to brush them ofl' the 
surface of the atmospheric ocean, and leave them deposited in 
the midst of the luminiferous ether, as a gale of wind lodges 
the sea spray on a lee shore. The outer atoms thus removed 
would leave the next below in the same condition of unstable 
equilibrium; for, according to this atomic theory, it matters 
not how great or how little he the extent of such an atmosphere 
of aggregated atoms, the outer layer must be subject to no 
pressure beyond that of its own gravitation, and that must be 
neutralized by its own elasticity and that of the next below. 
Thus would this newly exposed stratum of atoms he swept away 
by the merciless ether: then another, and another again, till 
the planet would be stripped hare to the bottom of its dry- 
land vallies. Then, the ocean, rehcvcd of the pressure which 
restrains the volatilizing power of the sun's rays, would spring 
upwards into the condition of gaseous elasticity, forming another 
LAtmospbere subject to the same laws aa the first, which would 
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in like manner be swept away from the surface of tlie earth, 
leaving it all in a condition of arid lunar barrenness. Even if 
we regard the lumiuiferous ether as planetary matter, and sup- 
pose that its particles are subject to the laws of planetary 
motion, and thus travel in company with the earth in its orbital 
revolution, there still remains the earth's axial rotation (an in- 
dependent speciality of each planet), which must give varying 
velocities of translation to the outer portion of this supposed 
limited atmosphere, from one thousand miles per hour at the 
equatorial regions to atomic rotation at the poles. In addition, 
there is the travelling of the whole solar system through spate 
at the rate of four hundred thousand miles per day, all tending 
to the stripping off of the supposed limited atmosphere. 

7. The more I examine the observations and reasonings 
upon which this forty-five mile boundary of the atmosphere is 
based, the farther and farther it recedes, and every other limit 
in. like manner widens away when the light of experimental 
demonstration is brought to bear upon it. I shall endeavour to 
show, in the course of the following pages, good and sufficient 
reasons for rejecting all the assumptions and calculations upon 
which the supposed limitation of oiu: atmosphere is based, and 
for concluding that the gaseous ocean in which we are immersed 
is but a portion of the infinite atmosphere that fills the whole 
solidity of space; — that links together all the elements of the 
universe, and diffuses among them their heat and light, and all 
the other physical and vital forces which heat and tight are 
capable of generating. 

8. This question of the limits of the atmosphere appears to 
me to be one of the most important and fundamental enquiries 
that the whole range of physical science includes. It is very 
remarkable that its critical consideration should have been so 
entirely neglected during the last half century of unexampled 
philosophical activity. Instead of examining the question in- 
dependently, the general habit has beeu to accept the conclu- 
siona of Dr. WoUastou on this subject, as a sort of pbilosopliical 
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inheritance whose title deeds are so safely registered in the 
Philosophical Transactions that their further examination is 
unnecessary. I allude^ of course, to the conclusions expounded 
in his celebrated paper " On the Finite Extent of the Atmo- 
sphere/' the examination of which I propose to imdertake in 
the next chapter. 
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9. It may appear to be an act of serious presumption on the 
part of so humble a student of science as myself, to attempt a 
refutatioD of this paper, which haa stood since 1822 as an nn- 
questioned portion of established science, and which is the 
work of so great a philosopher, I attempt it ncTcrthclcas, 
having far too much of just and true respect for the memory 
of Dr. Wollaston to misuse his great reputation so unnaturally 
as to allow it to stand in the way of any form or degree of strict 
investigation. In order to assist the reader in connecting my 
arguments with the eouclusions of Dr. WoCaston, I have re- 
printed thia important paper from the Philosophical Transac- 
tioag, and lettered the paragraphs for convenience of reference. 
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10. On the Finite Extent of the Atmosphere. By William Hyde 
Wollaston, M.D., V.P.R.S.— Read January l/th, 1822. 

(A.) "The passage of Venus very near to the Sun in 
Buperior conjunction in the month of May last, having presented 
an opportunity of examining whether any appearance of a solar 
atmosphere could be discerned, I am in hopes that the result 
of my endeavours, together with the views which have induced 
me to imdertake the enquiry, may be found deserving of i 
place in the Philosophical Transactions. 

(B.) "If we attempt to estimate the probable height to 
which the earth's atmosphere extends, no phenomenon caused 
by its refractive power in directions at which we can view it, 
or by reflection from vapours that are suspended in it, will 
enable us to decide this question. 

(C) " From the law of its elasticity, which prevails vrithin 
certain limits, we know the degrees of rarity corresponding to 
different elevations from the earth's surface, and if we admit 
that air has been rarefied so as to sustain -7^-5 of an inch of 
barometrical pressure, and that this measure has afforded a true 
estimate of its rarity, we should infer from the law, that it 
extends to the height of forty miles, with properties yet 
unimpaired by extreme rarefaction. Beyond this limit we are 
left to conjectures founded on the supposed divisibility of 
matter : and if this be infinite, so also must be the extent of 
our atmosphere. For, if the density be tliroughout as the 
compressing force, then must a stratum of given thickness at 
every height be compressed by a superincumbent atmosphere, 
hearing a constant ratio to its own weight, whatever be its 
distance from the earth. But if the air consist of any ultimate 
particles no longer divisible, then must expansion of the medium 
composed of them cease at that distance, where the force of 
gravity downwards upon a single particle is equal to the 
resistance arising from the repulsive force of the medium. 
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I (D.) " On the latter supposition of limited divisibility, tlie 
atmosphere which surrounds us will be eonceived to be a 
medium of finite extent, and may be peculiar to our planet, 
since its properties would afford no ground to presume that 
similar matter exists in any other planet. But if we adopt 
the hypothesis of unlimited expansion, we must conceive the 
same kind of matter to pervade all space, where it would not 
be in equilibrio, unless the sun, the moon, and all the planets 
possess their respective shares of it condensed around them, in 
degrees dependent on the force of their respective attractions, 
excepting in those instances where the tendency to accumulate 
may be counteracted by the interference of other kinds of 
matter, or of other powers of which we have no experiencCj 
and concerning which we cannot expect to reason correctly. 

(E.) "Now, though we have not the means of ascertaining 
the extent of our own atmosphere, those of other planetary 
bodies are nevertheless objects for astronomical investigation ; 
and it may be deserving of consideration, whether, in any 
instance, a deficiency of such matter can be proved, and 
whether, from this source, any conclusive argument can be 
drawn in favour of ultimate atoms in general. For, since the 
law of definite proportions discovered by chemists is the same 
for ail kinds of matter, whether solid, or fluid, or clastic, if it 
can be ascertained that any one body consists of particles no 
longer divisible, we then can scarcely doubt that all other 
bodies are similarly constituted ; and we may without hesitation 
conclude that those equivalent quantities which we have learned 
to appreciate by proportionate numbers, do really express the 
relative weights of elementary atoms, the ultimate objects of 
chemical research. 

(F.) " These reflections were originally suggested by hearing 
an opinion hazarded without due consideration, that the non- 
existence of perceptible atmosphere around the moon might be 
regarded as conclusive against the indefinite divisibility of 
matter. There was, however, an oversight in this inference, as 
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f auch matter, which the moon would letm 
I around her, could not possibly be perceived by the utmust 
power of any instruments hitherto invented for astrononikal 
purposes. For, since the density of an atmosphere of infinite 
divisibility at her surface would depend on the force of her 
gravitation at that point, it would not be greater than that of 
our atmosphere ia where the earth's attraction is equal to that 
of the moon at her surface. At this height, which by a simple 
computation is about five thousand miles from the earth's 
surface, we obviously can have no perceptible atmosphere, and 
consequently should not expect to discern an atmosphere of 
similar rarity around the moon. 

(G.) "It is manifestly in the opposite direction that we are 
to look for information. We should examine first that body 
which has the greatest power, and see whether even there the 
non-appearance of those phenomena which might be expected 
from such an atmosphere will warrant the inference that OM 
own is confined to this one planet by the limit set to iti 
divisibility. 

(H.) " By converse of the same rule which gives an estimate 
of extreme rarity at the moon's surface, wc may form a concep- 
tion at what distance round the sun refraction from such a 
cause should be perceived. If we calculate at what apparent 
distance from the body of the sun his force is equal to that of 
gravity at the surface of the earth, it is there that his power 
would be sufficient to accumulate {from an infinitely dii-isible 
medium, filling all space) an atmosphere* fully equal in density 
to our own, and consequently producing a refraction of more 
than one degree, in the passage of rays obliquely through it. 

(I.) " If the mass of the sun be considered as three hundred 

I ' * Sudh an atmosphere would, in foot, be o( greater deneity oa aocount of die 
br greater extent of the medium aOectod bj the eolar attraotioii, although of 
eitremo rarity ; but the addition derived from this source may be disregarded in 
the present estimate, witliont prej udioe to the argumoat, which will not be found 
n upon Buy minute difference. 
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and thirty thousand times that of the earth, the distance at 
which his force is equal to gravity will be v'330,000, or about 
575 times the eartVa radius; and if his radius be 111'5 times 
that of the earth, then this distance will be r^— = or 515 times 
the sun's radius; and 15' 49"x5-15 = l'' 21' 29" will be the 
apparent distance from the sun's centre, on the 23rd of May, 
when the following observations were made, 

(K.) "What deduction should be allowed for the effect of 
heat, it may be time to consider when we have learned the 
amount of apparent refraction at some given distance ; and we 
may then begin to conjecture, whether heat can counteract the 
increase of density that would occur in the approach of only 
-[L of a second towards his centre.* 

(L.) " Aa I had not any instrument in my possession that I 
considered properly adapted for the purpose, I requested the 
assistance of several astronomical friends in watching the pro- 
gress of Venus to the sun for some days preceding superior 
conjunction, and in recovering sight of her afterwards. But 
neither the Astronomer Royal at Greenwicb, nor Professor 
Briukley of Dublin, nor Mr. South, with the admirable instru- 
ments they possess, were able to make any observation within 
the time required, not being furnished with the pecidiar means 
adapted to this enquiry, 

(M.) "Captain Kater, however, who entered fully into my 
views, and engaged in the prosecution of them with all the 
ardour necessary for success, by using a reflecting telescope, 
waa able to furnish me with a valuable set of observations three 
and a half days preceding conjunction, which, together with 

♦ If we attempt to reason upon what wonld be the progressive oondensatioD 
of such an atmosphere downwards towards the surface of the eun, we 
stopped bj the limit of our experience as to the degree of candocsatioii of which 
the atmosphere is susceptible. If we could suppose the common law of conden- 
sation to eitend as far aa forty-six miles in depth, the density corresponding to 
it would be about equal to that of quicksilver, from whence a refraction would 
occur exceeding all bounds of reasonable calculation, A epaoo of forty-di miles, 
.at the distance of the sun from us, would subtend about -pg- of a second. 
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those ill which I had the good fortune to succeed a 
equal interval subsequent to the passage, afford data quite 
sufficient to show that no refraction is perceptible at the period 
of our observations ; and these come far within the specific 
distances above estimated. 

" A selection from the aeries given to me by Captain Kater 
is contained in the following table." (Here follow details of 
observations upon which the following conclusions are based.) 

(N.) "It is evident that in these observations the differences 
between the observed and calculated places of the planet are 
not such as to indicate a refraction that can be relied on j and 
from the observations of Captain Kater, no retardation of the 
motion of Venus can be perceived in her progress toward tlie 
sun, as would occur from increasing refraction; and by cok- 
parisou of her motion in the interval between his last observa- 
tion and my own, with her change of place for the same interval 
given in the Nautical Almanac, there seems no ground whatever 
to suppose that her apparent position has been in the letist 
affected by refraction through a solar atmosphere, although the 
distance at the time of Captain Kater'a last observation was but 
65' 50" from the sun's centre, and at the time of my own 53' 15^ 

(O.) "Although these distances appear but small, I find 
that Venus has been seen at a still less distance by Mons. Vidid 
of Montpellier in 1805. On the 30th of May he observed Vemia 
3™ 16" after the sun, when their difference of declination was 
not more than 1', so that her distance from the centre was 
about 46' of space. Since his observations also accord with the 
calculated places of Venus, they might have superseded the 
necessity of fresh observations, if I had been duly awaxe of 
the inference to be drawn from them. 

(P.) " The same skilful observer has also recorded an obser- 
vation of Mercury on the 31st of March of the same year, when 
he was seen at about 65' from the sun's centre." (Here foUow 
description of instrument used by Dr. Wollaston for his c 
vations.) 
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I (Q.) "In the foregoing rcniarka I have perhaps dwelt more 

upon the consideration of the solar atmosphere thaa may seem 
necessary to those who have considered the eommon phenomena 
observahle in the occultation of Jupiter's satellites by the body 
■ of the planet. Their approach, instead of being retarded by 
refraetion, is regular, till they appear iu actual contact ; show- 
ing that there is not that extent of atmosphere which Jupiter 
should attract to himself from an infinitely divisible medium 
filling space. 

(R.) " Since the mass of Jupiter is full three hundred and 
nine times that of the earth, the distance at which his attrac- 
tion is equal to gravity must be as ^309, or about 17-6 times 
the earth's radius. And since his diameter is nearly eleven 
times greater than that of the earth, -— =1-6 times his own 
radius will be the distance from liis centre, at which au atmo- 
sphere equal to our own should occasion a refraction exceeding 
one degree. To the fourth satellite this distance would sub- 
tend an angle of about 3° 37', so that an increase of density to 
three and a half times our common atmosphere would be more 
than sufficient to render the fourth satellite visible to ua when 
behind the centre of the planet, and consequently to make it 
appear on both (or all} sides at the same time. 

(S.) "The space of about six miles in depth, within which 
tliis increase of density would take place, according to known 
laws of barometric pressure, would not subtend to our eye so 
much as -^^-^ of a second, a quantity not to be regarded in 
an estimate, where so much latitude has been allowed for all 
imaginable sources of error. 

(T.) "Now though, with reference to the solar atmosphere, 
some degree of doubt may be entertained in consequence of 
the possible effects of heat which cannot be appreciated, it is 
evident that no error from this source can be apprehended in 
regard to Jupiter ; and as this planet certainly has not its due 
share of an infinitely divisible atmosphere, the universal preva- 
lence of such a medium cannot be maintained ; while, on the 
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contrary, all the phenomena accord entirely with the supposition 
that the earth's atmosphere is of finite extent, limited by the 
weight of ultimate atoms of definite magnitude no longer divi- 
sible by repulsion of their parts/' 



11. In (C) Dr. Wollaston starts upon the assumption that 
the limit of actual experimental rarefaction of air is reached 
when the residual air shall sustain ts-o of an inch, and he esti- 
mates this to be the degree of atmospheric rarity which exists 
at forty miles above the surface of the earth. Since this paper 
was written, wonderful progress has been made in the mechanical 
refinements of experimental research. Dr. Thomas Andrews, 
of Queen's College, Belfast, has succeeded in obtaining and 
measuring a degree of rarefaction one thotisand times greater 
than this. By a more refined elaboration of Dr. Andrews's 
principle of combining chemical and mechanical forces, Mr. 
Grove and Mr. Gassiot have subsequently succeeded in obtain- 
ing a still higher degree of rarefaction, and M. Geissler has 
proceeded further than this, and produced what really appears 
to be a perfect vacuum. 

12. Now if the ultimate atihospheric atoms upon which 
Dr. Wollaston bases his speculations had any such existence as 
he supposes, these experimentalists must have encountered 
them ; — they must have reached that point of rarefaction ''where 
the force of gravity downwards upon a single particle is equal 
to the resistance arising from the repulsive force of the medium." 
At this point the air would cease to manifest the expansive 
elasticity which is the characteristic of gaseous matter ; it would 
fall to the bottom of the vessel, would "find its level," and 
otherwise behave like water or any other liquid. Dr. Lardner 
f Handbook of Natural Philosophy), after defining the atmospheric 
limit in accordance with Dr. Wollaston, says, " If a particle of 
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air were raised above this height by the application of any 
external agency, and then disengaged, it would drop by its 
gravity to the surface of the atmosphere, in the same manner 
and by the same law that makes a stone drop to the ground." 
Now if these ultimate atoms, whose gravitation is capable of 
exceeding their mutual repulsion, have any existence, they 
must have been found in this condition somewhere between the 
point of rarefaction, when Dr. Wollastou expected to find them, 
and the vastly greater rarefaction obtained by Dr. Andrews,^ — ■ 
or if not here, between this and the actual vacuum of Geisstcr. 
At some such point either Dr. Andrews, Mr. Grove, Mr. Gas- 
siot, or Mr. Geissler, should have observed a sudden termina- 

I tion of gaseous properties, and the conversion of the remaining 
air into a liquid, whose particles, if raised by the application of 
an external agency and then disengaged, would, as Dr. Lanlner 
says, drop by their gravity to the liquid surface. M. Geissler 
would thus be able to produce tubea in which the upper portion 
should be a perfect vacuum, while on the lower part would be a 
layer or layers of these atoms, which, on turning the tubes 
around, would roll about (I will not say rattle) like the Uquid 
in a water-hammer. To the experimental physicist who is 
practically acquainted with the actual properties of rarefied 
gases, the suggestion of such a state of things appears ridicu- 
lous. Nevertheless the meteorologist takes it for granted that 
it must be so. 

13. According to the atomic theory, the cessation of residual 
elastic force must in the course of these experiments have been 
sharp and sudden, and could not have escaped the keen observ- 
ing powers of the experimentalists above named. It would 
have become especially and strikingly manifest by the pheno- 
mena of the electrical discharges, for the investigation of which 
these high degrees of rarefaction were especially devised. Such 
discharges from the Rumkorff coil were found by Mr. Gassiot 
to be the most delicate of all tests of the presence of ponderable 

^in^ter; at each further step of exhaustion, changes ii^^^e 
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\ Kppearances of the streams and stratification of the electno 
cvirrcnt were found to occur, until at last, when all matter was 
removed, the passage of the electric discharge was stopped 
altogether for want of matter to convey it. "When the potash 
in the vacnum tube was heated, and the smallest conceivable 
quantity of matter was thereby difi'used through it, this in- 
finitesimal atmosphere again transmitted the discharge, which 
again was stopped upon the recompletion of the vacuum. Noir 
had there been a stratum of atmospheric atoms resting by pre- 
ponderant gravitation on the lower portion of the tube, tbe 
electric discharge would have been transmitted by these alone, 
and their boundary would be indicated by their consequent 
illumination, while the upper vacuous space must have remaned 

•' in darkness. 

14. It will be seen, by reference to (E), that one of Dr. Wol- 
laston'e objects was to find further support for the atomic theory, 
I and it must be borne in mind that at the time this paper waa 

written the atomic theory was a recent acientifie conquest, and 
had great hold upon the minds of most philosophers ; for by it 
the hitherto wild, undisciplined and unmanageable multitude of 
chemical facts were reduced to order, and made subject and 
submissive to human mathematics. Philosophers are not 
altogether free from the pride of conquest and other forma of 
human weakness, {they would be miserably unpleasant people 
if they were), and the surface of philosophy is not absolutely 
level : it has its undulations, and though far from partaking of 

I the tuj-bulence of the ever-troubled waters of passion and pre- 
judice, still there are certain long low waves of philosophic 
fashion which are perceptible when observed from a distance. 
At this period, ultimate atoms of definite weight were as fashion- 
able as molecular oseiilationa and gyrations are at the present 
time. In recent works, the sceptically suggestive terms, 
"chemical equivalent"' and "equivalent quantity," have largely 
usurped the place of "atom" and "atomic weight;" and I think 
I may venture to say that philosophic conviction is beginning 
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gradually to slide away from this decisive belief in the actual 
existence of ultimate atoms. 

15. For my o\Fn part I plead guilty of an utter and most 
uncompromising infidelity to this atomic theory. T can no- 
where find any sort of direct evidence in support of the 
existence of any ultimate atoms, or of any necessary limit to the 
diTiaibility of any kind of matter. It is true that we can form 
no idea of infinite smallness, just as wc fail to grasp the idea of 
infinite space, but our reason compels us to admit the existence 
of the latter, aud to attribute its incomprehensibility by our- 
selves merely to the limited range of human intellect. As a 
conventional scientific hypothesis, an elegant device to assist 
the intellect in understanding and generalizing the quantitative 
laws of chemical composition, the atomic theory has unques- 
tionably done good service in feeding the human intellect. In 
this way it has performed, and is still performing, the same 
function that phlogiston, caloric, the electric fluid, etc., did in 
their days ; but to set up such an hypothetical creation as a 
fact, and to make it the basis of reasoning up to great conclu- 
sions respecting the physical order of nature, is to erect another 
of those idols which Lord Bacon, the great intellectual 
Iconoclast, laboured so powerfully to destroy. All those writers 
on Pneumatics and Meteorology who, with Dr. Lardner, say that 
the atmosphere is limited because its atoms, if raised above a 
certain point, must fall back again by their own gravitation, are, 
even at this date, still in destitute need of lessons from the 
"Novum Organum." 

16. I am sorely tempted to proceed further with the 
discussion of this atomic theory, which I regard as not only 
unsupported by any direct evidence as a matter of fact, but to 
be altogether un philosophical as a hypothetical view of the 
constitution of matter ; but as such discussion would lead me 
too far away from the main object of this paper, I must reserve 
it for a future essay. 

17- Dr. WoUaston next proceeds to follow up the couse- 
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quences of that aasumptioii of uuliniited atmospheric ei} 
aihility which I maintain to be no longer a matter of 
hypothesiB, but to have been espe rim entail y dcmonstratedj 
and according to which every sun, planet, and satellite mt 
accumidatc about itself an atmosphere proportionate to 
gravitating power. He calculates the quantity of atmospl 
which should thus be attracted to the suu and to Jupiter, and 
endeavours by observations on the movements of Venus and 
Mercury when near the Sun, and by a "reduclio adabsurdum" 
in the case of Jupiter, to refute the hypothesis {it was then 
merely an hypothesis) of unlimited expansibility. I think I 
shall have no difficulty in proving that Dr. Wollaston'a method 
of calculating the amount of atmosphere which the gravitation 
of each body should, according to the liypothesis of an 
universal atmosphere of unlimited expansibility, gather aroimd 
it, is altogether fallacious, and that all the arguments he has 
based upon these calculations are worthless. 

18. In paragraph (H) he calculates the quantity of solar 
atmosphere by finding the distance at which the force of solat 
gravitation is equal to that of the earth's at its surface, and 
then assumes that solar gravitation should at that distance 
produce an amoimt of atmospheric condensation equal to that 
which the earth obtains upon its surface. The distance at 
which solar gravitation equals the earth's at its surface is esti- 
mated at 5-15 times the sun's radius. For the sake of simplify- 
ing the argument I will omit the fraction, and call it five times 
(which, according to recent rectifications of the sun's magnitude, 
is nearer the truth than the fractional figure). At this distance 
the force of the sun's gravitation upon any mass of matter 
occupying any unit of space will be -^ of that upou his surface ; 
and according to Wollaston it would there, under the conditions 
assumed, gather an atmosphere weighing 15 Iba. per square inch 
of its base. 

19. Carrying out this method of ealeulation, what will he 
.the density of the atmosphere at ten times the sun's radius? 
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Obviously i of 15 lbs. per square incb; at fifteen times the 
radius it will be ^ of 15 Iba.; at 20 times -rV of 15 lbs., and so 
on. But then, at all these distances, the base of the supposed 
atmosphere will be a spherical shell whose area or number of 
square inches will go on increasing in the ratio of the square of 
its radius or distance from the sun's centre. Let a be the area 
in square inches of the imaginary sphere which forms the base 
of the atmosphere at five times the sun's radius. The total 
weight of the atmosphere calculated according to Dr. Wollaston's 
method, and stated in lbs., will there be =15 a. At ten times 
the sun's radius, it will be =^^x4fl=15B. At fifteen times 
radius, it will be = ■^x9fl;=15 a. At twenty times radius, it 
will be=- xl6o=15 a again; and so on it will be the same, 
at any and every distance that may be taken, whether proceed- 
ing further outwards from the sun, or approaching iuwards 
to hia surface, where the total weight of atmosphere will be 
(15x25)x — = 15 ffl, as before. We may thus take an infinite 
number of distances from the sun, upon any and every one of 
which we have as much right to calculate an atmosphere as 
Dr. WoUaston had to calculate one at 5"15 times the sun's 
radius. All these atmospheres wiU he exactly equal ; and thus 
we are landed upon the enormous absurdity of proving that, 
under the conditions stated, the sun would gather around him- 
self an infinite number of atmospheres of equal weight, one 
above the other, each resting and pressing on those below it, 
without increasing their density or adding anything to the 
general pressure upon the sun's surface. 

20. The same fallacy is repeated and applied to Jupiter. 
Jn paragraph (R), it is calculated that, at a distance of 1'6 
times his own radius, the gravitation of Jupiter will equal that 
of the earth at its surface. Dr. Wollaston infers that therefore 
Jupiter should at this distance have an atmosphere of a density 
equivalent to a pressure or elasticity of 15 lbs. per square inch. 
Further on, in paragraphs (R) and (S), he contradicts this pria- 
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dple of calculation, by telling us that, " according to the known 
laws of barometric pressure," this atmosphere would be increased 
to 3i times that density, or to 52^ lbs. pressure, by descendiig 
only six miles nearer to Jupiter. Had he started his estimate 
at this lesser distauce instead of the six mQes higher, and 
directly calculated the density of the atmosphere at this point, 
by comparing the gravitation of Jupiter there with that of 
the earth, he would have arrived at a result ridiculously 

variance with this 52^ lbs. Taking the radius of Jupiter 

round numbers at 46,000 miles, the distance at which 
Dr. Wollaston places its gravitation and its atmospheric prea- 
fiure as equal to the earth's would be 73,600 miles from his 
centre. Six miles below this is 73,594 miles. Now the dis- 
tance of 73,600 miles has no special property which should 
make it the basis of calculation rather than 73,594 miles ; we 
have, therefore, as much right to start from this as from the 
larger number. Let us do this, and see what will be the result. 

21. The gravitation at 73,59 1 miles will be to that at 73,600 
as 73,600^ : 73,594*. This gives ua the fraction -00016 as the 
increase of gravitation due to the greater depth. This difference 
is less than that between the gravitation of different parts of 
the surface of the earth; far less than the difference between 
our equatorial and polar gravitation. It increases the pres- 

3 of the supposed atmosphere from 15 lbs. to 15 lbs. 17'6 
grains. But Dr. WoUaston tells us that, "according to the 
- known laws of barometric pressure," the increase should be 
from 15 lbs. to 52J lbs. Thus, according to his fundamental 
mode of calculation, wc get a difference of 17-6 grains, while 
" the known laws of barometric pressure " give a difference of 

137i lbs., or fifteen thousand times as much. All this discre- 
pancy in only six miles, when we are dealing with planetary 
measurements. 
23. The same fallacy is repeated in paragraph (F) in re- 
ference to the moon, where a calculation is made on the same 
basis, but inversely applied, 
L 
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23. With errors of such enormous magnitude I have not 
thought it at all necessary to reprint the details of Captain 
Kater^s observations^ nor to discuss the question whether any 
such refraction as Dr. Wollaston looked for is observable when 
Venus approaches the sun, either within 65' 50" or 53' 15", or 
even 46' from his centre. Seeing also that Dr. Wollaston starts 
at a height of 27,600 miles from the surface of Jupiter, and 
there places the base of an atmosphere due to the total gravita- 
tion of the planet, all the results of his calculations respecting 
the refraction of Jupiter^s inner satellite lose their bearing upon 
the subject in consequence of the enormous exaggeration upon 
which they are based. I need not follow them any further, as 
it is obvious that if he had correctly estimated the extent of 
Jupiter^s atmosphere in accordance with the hypothesis he 
attacks, he would have concluded that, far before reaching 
such an elevation, the atmosphere of Jupiter would practically 
become merged into that of the general planetary medium; 
and that instead of finding there a condensation producing an 
elastic force of 15 lbs. per square inch, he would have concluded 
that the condensation must have become far too small to pro- 
duce even the slightest appreciable amount of refraction upon 
the satellite. I think I am fully justified in affirming that all 
the conclusions which have been based upon this celebrated 
paper fall to the ground, and that our elementary treatises on 
Pneumatics and Meteorology will require revision as regards 
,this part of their subject. 
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THE DISTEIBUTION AND COMPOSITION OP THE TJNIVEESAL 

ATMOSPHEEIC MEDIUM. 

THB FBOGBESS OF ACTUAL ATMOSPHEBIC BABEFACTIOK — OITB ATH08PHEBB 
A FOBTION OF THE GENEBAL MEDIXTM WHICH UNITES ALL THE UNI- 
VEE8E — ACTIOK OF TWO GEAVITATING BODIES ON A GENEBAL MEDIUM— 
THE LAW OF ATMOSPHEBIC ACCUMULATION BY THE BE8PECTIVE GBAVI- 
TATION OF COSMICAL BODIES — BULB FOB CALCULATING BELATIVE ATMO- 
8PHEBES OF THB MEMBEBS OF THE SOLAB SYSTEM — THE SUBFACB OP 
THE BODY THE STABTING-POINT OF CALCULATION — THE ATM08PHEBS 
OF THB SUN — IS WATEB ATMOSPHEBIC OB PLANETABY MATTEB ? — THB 
WATEB OP A PLANET MAY COMMONLY EXIST AS SOLID, LIQUID, OB GAS 
— ^WATEB THE MOST IMPOBTANT CONSTITUENT OF THE UNIVEB8AL 
ATMOSPHEBE — THE TEBBESTBIAL UNIT UPON WHICH THE CALCULATION 
OF THE SOLAB AND PLANETABY ATMOSPHEBES SHOULD BE BASED. 

24. Having discussed^ and, I think, removed Dr. WoUaston's 
objections to an infinite atmosphere,"^ I will now proceed upon 
the assumption that the confessions of those portions of atmo- 

* The reasoning which places the extreme limits to the atmosphere at that 
distance where the centrifugal force of the earth's rotation would (if communi- 
cated to the atmosphere) become equal to gravitation, need not here be discussed, 
as it obviously applies only to the assumption of an atmosphere bounded by 
vacuum ; for if our atmosphere is but a portion of a general medium, only that 
film which is immediately clinging to the earth's surface will partake fully of its 
rotation, which would be communicated to it by the friction of the earth's 
surface. In the upper regions this would be resisted by the friction (or rather, 
the visiosity or shearing force) of the general atmosphere, and the velocity of 
translation would diminish, instead of increasing with increased elevation. 
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Spheric matter which have been subjected to the torture of 
experimental rarefaetioQ, arc truthfiil statements of the general 
conduct of the great atmosphere, regarded as a whole. If so, 
it must go on expanding and expanding continually, as its 
distance from the earth increases, and the presaore of the 
portion above consequently diminishes. Where the pressure is 
but 1 lb. on the square inch, it must be fifteen times more 
rare than at the surface of the earth; when the pressure is 
reduced to one ounce, it must he expanded 240 times. Still 
higher, where the column of an inch base presses with only 
the force of one grain, the bulk of an equal weight will be 
105,200 times greater than at the earth's surface ; one grain 
there will occupy the space of 15 lbs. here, and so on; we may 
still go upward, and the limit still evades us by continually 
multiplying expansion, until the gravitation of the earth is 
neutralized by that of some other orb, toward which our 
imaginary course is tending. If we cross this neutral line, 
and continue further in the same direction, we enter the 
domain of another world, where the order of proceeding 
density is reversed, 

25, I firraly maintain that if we carry out, without the 
prejudice of any idolatry of hypothetical atoms or hypo- 
thetical formuhe, a strict induction based only and directly 
upon all ascertained facts, we must conclude that our atmo- 
sphere is but a portion of an universal medium, which is dis- 
tributed by gravitation, as above indicated, among the countless 
orha of space. The philosophical consequences of such a con- 
clusion are of overwhelming importance, and the object of 
this Essay is to indicate some of them, and to open thereby 
what appears to me something like a new world of philo- 
sophical enquiry. 

26. Having pointed out the fallacy of Wollaston's method 
of estimating the share of such an universal atmosphere which 
each gravitating body should take to itself, I will now 

- deaTour to establish a correct method of making such calcula- 
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a. A little consideration will show that" Hie 
really a very simple one. 

Let A and B represent two solid gravitating masses, and 
the intermediate line a portiou of the atmospheric medium 
solicited by their respective gravitation. 




It is obvious that somewhere on the line A B there must be 
a iieutral point where the gravitation of A and B will exactly 
neutralize or counterbalance each other. Let this neutral 
point be 0. All that portion of the general atmosphere lying 
to the right of will gravitate towards B, while that to the 
left of will, in like manner, gravitate towards A. "We may, 
therefore, call the distance A the depth of A's atmosphere, 
and B the depth of B'a atmosphere. It is also obvious that 
if A and B are of equal size and mass, the point will be 
midway between them and A O^B 0. 

If A and B are of unequal masses, they will act in a corre- 
sponding manner, but unequally, and the lines A and B 0, or 
the depths of their respective atmospheres, will no longer be 
equal. These depths will be determined, as before, by the 
position of the neutral point 0. Now the law of gravitation 
teaches us that the relative distances of this neutral point from 
the centres of gravity of two such gravitating bodies will be 
respectively as the square roots of their masses. Thus, if A 
have nine times the jnass of B, the neutral point will be 
three times as far from A as from B, or AO^SBO, and 
BO on. 

27. With an infinite number of orbs floating amidst the 
infinity of space, filled with such an elastic medium, every orb 
will be surrounded on every side by others, and its power of 
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laccnmulatiou from the general atmosphere will be controlled 
and limited by the general resultant of their counteracting 
gravitating forces. Each will appropriate the contents of a 
sphere, the radius of which will have the same ratio to that 
of any other as the square roots of their respective masses. 
As the cubic contents of a sphere varies with the cube Of its 
radius, the cube of the square root of the mass of each orb 
will espresH its relative atmosphere. As the cube of the 
square root of any number is equal to itself by its square root, 
we obtain a very simple measure of relative atmosphere by 
multiplying the number representing the mass of each body by 
its own square root. 

28. As we know the relative masses of our own earth and 
those of the other members of the solar system, and we also 
know the absolute amount of atmosphere which our earth has 
appropriated from the general medium, we have the data for 
calculating, according to the above, the absolute atmospheres 
of the sun, the moon, and our companion planets and their 
satellites. Taking the mass aud the atmosphere of the earth as 
our units, we get the following simple rule for calculating the 
atmosphere of any of the bodies of the solar system. Multiply 
the mass of the body expressed in units of the earth's mass by 
its own square root, and the product is the total weight of the 
atmosphere of the body, expressed in units of Ike earth's atmo- 
sphere, or s^m^/m, where s is the atmosphere of the body 
expressed in units of the earth's atmosphere, and m is the 
mass of the body expressed in units of the earth's mass, 

29. The figures thus obtainable express the theoretical total 
pressure of the atmosphere upon the surface of the body in 
question. In eveiy case we must thus start from the surface, 
and not, like Dr. WoUaston, take any arbitrary distance beyond 
it, as we shoidd thereby over-estimate the total atmosphere by 
just the quantity that would lie between our arbitrary starting- 
point and the surface of the body. 1 will now proceed to 
apply this method to the estimation of the solar atmosphere. 
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30. According to recent corrections of the sun's distance 
and magnitude, his mass is to the earth^s as 316,047 to 1. 
The square root of 316,047 is (omitting minute fractions) 
562-2. The weight of the sun^s atmosphere should therefore 
be 316,047x562-2=117,681,623 times that of the earth's 
atmosphere. If this were concentrated upon a body of the 
same dimensions as the earth, the pressure upon every square 
inch of its surface would be 117,681,623 atmospheres, or 
117,681,623x15 = 1765,224,345 lbs. per square inch, or 
244,192,305,680 lbs. per square foot. But the diameter of the 
sun is 108 times greater than that of the earth, and therefore 
his surface is 108^=11,664 times greater, and his atmosphere 
must rest upon a base of proportionally greater area. Its pres- 
sure upon any given area will thus be — ' *; =15,2333 

atmospheres. This gives a pressure of 32,903,928 lbs. per square 
foot, or about 230,000 tons on the surface of the human body. 

31. In the above estimate I have only considered the 
gaseous constituents of the earth^s atmosphere; but a very 
important question here presents itself. Are we to regard the 
waters that cover the lower vallies of the earth as planetary or 
atmospheric matter ? Is the water of the ocean one of the 
special constituents of the earth, or only a portion of the 
general atmospheric matter which the earth^s gravitation has 
condensed around it ? 

32. This question I think may be solved by considering the 
known properties of water. Such consideration at once shows 
us that the position occupied by the water on our own, or any 
other planet, is entirely dependent on comparatively moderate 
variations of temperature and pressure. If the temperature of 
the earth were raised, or the pressure diminished in a sufficient 
degree, the whole of the water of the ocean would rise from its 
present bed, and take its place in the atmosphere as one of its 
constitueut gases, and would there exist in a state exactly corre- 
sponding to the carbonic acid of our actual atmosphere. We 
only require the conditions which actually exist on the planet 
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[Mercury to bring this about. On that planet, if my views 
are correct, water can only exist as a gaa, and a regular con- 
stituent of the atmosphere. If Mercury lias had its Faraday, 
te may have succeeded in demonstrating the condensihility of 
thia gas ; he may, by refrigeration and pressure, have produced 
liq^uid water and water-snow, and by the aid of the mechanical 
devices of a Mercurian Thilorier, have obtained sufficient 
quantities to exhibit them as lecture-table curiosities. Ttie 
Mercurians would certainly regard water as purely atmospheric 
matter. 

33. I think, therefore, that we may safely include water 
among the original constituents of the general atmospheric 
medium. We might go much further in the same direction, 
and finally reach a full development of the nebular hypothesis, 
but, I propose in this enquiry, to carry my speculations but one 
step beyond demonstrable terrestrial phenomena ; to keep one 
foot always on ihc terra firma of direct knowledge, to stretch 
out the other nowise beyond the limits of one fair stride of 
direct and necessary causation, and to plant it upon the de- 
monstrable results of ascertained facts. Without infringing thia 
limit, I think I may conclude that the water upon our earth is 
but a portion of the matter which its gravitation has collected 
from the all pervading medium of the universe. Whether it 
may have received more or less than the share equivalent to ita 
gravitation is a most desirable question for a physical debating 
society. I should be rather disposed to take the affirmative 
aide of escessive accumulation in the case of our particular 
planet, but must not now be tempted into a discussion of this 
question. At present, I merely wish to show that there ia good 
reason to believe that gaseous water is one of the most im- 
portant constituents of the general atmospheric medium. If it 
exists in the same proportion that the water of our globe bears 
to the permanently gaseous constituents of our atmosphere, it 
must constitute above 99 per cent, of the whole. 

The revelations of the spectroscope afford the strongest 
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possible confirmatory evidence of an universal distribution of 
vrater. Whether directed to the envelopes of the sun, to the 
stars, the nebulae, the luminous matter of comets or meteors, 
its general reply is, " Water, water, everywhere,^' and Professor 
Graham has even found occluded hydrogen in meteoric stones 
that have reached the earth. I shall, therefore, assume that 
water belongs to the atmosphere, and, in the present order of 
things, should be found as a constituent of the atmosphere of 
the sun, and all the other orbs of space ; the state of its exist- 
ence, whether solid, fluid, or gaseous, whether combined as 
water, or separated into its constituents of free hydrogen and 
free oxygen, being dependent on the physical conditions to 
which it is subjected. 

34. A very important question now presents itself: it is 
this. If the water of our ocean is derived from the general 
atmospheric medium, and is atmospheric matter, are we to add 
its weight to that of the gaseous atmosphere in order to obtain 
our terrestrial unit for measuring the atmosphere of the other 
bodies of the solar system ? If so, it will magnify our unit 
enormously. In order to reply to this question, we must 
remember the basis upon which the assumption of a general 
atmosphere rests, and what is the link which binds together, 
as a whole, all those portions of it which the aggregated 
masses of the universe have gathered around themselves. It is 
the property of gaseous elasticity. If by any means whatever 
any portion of this atmospheric matter loses this property, it 
becomes at once detached from its original sphere, and goes 
over to the enemy ; it joins the aggregating forces of gravi- 
tation in their struggle against the diffusive force of gaseous 
elasticity. The water when condensed upon the surface of the 
earth simply increases its mass, and, to that extent, increases 
its power of accumulating the atmospheric medium. My 
reasons for supposing that our earth may have more than its 
proportionate share of water will now be understood. It will 
also be seen that different regions of space may possibly vary in 
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tliis respect according to the prevalence of condensing or non- 
condensing orbs among theiic solid inhabitants. But I must 
stubbornly resist the temptation to proceed further with the 
speculations here suggested, and keep to the immediate object I 
had in raising this question^ viz., the justification of the unit 
which I adopted in calculating the solar atmosphere. This unit 
is the equivalent of gaseous repulsive enei^ which the earth's 
gravitation is capable of overcoming. 



CHAPTER IV. 



THE SOUECE OF SOLAB HEAT AND LIGHT. 

THE ESTIMATED ATMOSPHEBIC PBESSITBE ON THE SITK IS BELOW THE 
ACTUAL FBESSUBE — EVOLUTION OP TTRA T FBOM COMPBESSION OF THE 
SOLAB ATMOSPHEBE — THE SOLAB ATMOSPHEBE IS NOT LIQUEFIED BT 
ITS OWN PBESSUBE — LESLIE'S FOBMULA FOB HEAT EVOLTED BT COM- 
PBESSION — HEAT EVOLVED BY COMPBESSION OF THE SOLAB ATMO- 
SPHEBE— CALCULATION BASED ON DALTON'S EXPEBIMENTS — ESTIMiTB 
OF SOLAB TTRAT FBOM COMPBESSION — WATEB THE PEEPONDEBATIKG 
CONSTITUENT OF THE SOLAB ATMOSPHEBE — DISSOCIATION OF WATEB 
AND CABBONIC ACID—LATENT OB CONVEBTED HEAT OF DISSOCLA.TIOII— 
HEAT EVOLVED BY COMPBESSION CONVEBTED INTO DIS80CIATIKG 
FOBCE— LIMIT OF DISSOCIATION AND OBIGIN OF THE PHOTOSPHEBE— 
NOTE ON LATENT HEAT. 

35. In this chapter I propose to trace some of the necessary 
consequences of the pressure of such an atmosphere as I have 
estimated to be accumulated upon the surface of the sun. This 
estimated pressure of 15,233'3 atmospheres must be consider- 
ably below the truth, inasmuch as all our measurements of the 
sun^s diameter are made from the limits of his luminous atmo- 
sphere, which constitutes the only outline visible to us. There 
can be little doubt that this atmospheric ocean is many thou- 
sands of miles in depth, and that the photosphere which 
determines our measurements belongs quite to upper regions of 
the solar atmosphere, where the density is probably less than 
that of our own atmosphere at the eartVs surface. Hence the 
base of the calculated atmosphere must be smaller than I have 
stated, and the pressure upon any given area of that base 
proportionally greater. I do not, however, attempt any cor- 
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■rection for this difference at present, ns any estimate of the 
diameter of the body of the sun must, for reasons that will be 
stated hereafter, be of a most hypothetical and doubtful 
character. The estimate already given is snlEcicntly near for 
my present purpose of general indication, but it must be borne 
in raiad throughout, that tlna amount of pressure, and all the 
consequences I shall deduce from it, will err on the side of 
moderation or understatement. As the magnitude of some of 
these results is rather startling, it is perliaps better in this 
preliminary sketch of the subject to keep thus on the safe side. 

36. The most important result of such an accumulation of 
solar atmosphere aa I have described, is the evolution of heat 
which must be produced by the compression of its lower strata. 
If the pressure that can be exerted by the human hand upon 
the piston of a condensing syringe is capable, in spite of the 
.surrounding conductors, of producing sufficient heat to ignite a 
piece of German tinder, what must be the result of tlie 
enormous pressure of this vast atmosphere ? Have we in this 
a key to the great mystery of the source of solar heat and solar 
light ? I will endeavour to answer this question. 

37. The first problem that presents itself is, of course, the 
determination of the amount of heat that will be evolved by 
the condensation resulting from a pressure of 15,233 atmo- 
, spheres, assuming that the nitrogen and oxygen of the air will 
retain their gaseous condition. That such will be the case I 
infer. First, from the fact that no indication of departure Irom 
the law that elasticity varies with density has yet bceu observed, 
when atmospheric air has been subjected to any amount of 
compression; whereas in all the gases known to he capable of 
liquefaction by pressure, a deiiation from this law is indicated 
when any degree of compression is applied, as shown by the 
experiments of M. Dcspretz and Pouillet; and this deviation 
becomes very considerable as liquefaction is approached. We 
are thus supplied with a clear brand of distinction between the 
condensible and incondensible gases. Secondly, That even if 
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liquefaction were possible, the conditions of such liquefactim 
■would not be fulfilled in the ease sujiposed. In order t!i»t 
compression shall produce the liquefaction of any gas, it B 
necessary that the heat evolved shall be removed, as it is in tlie 
ordinary experiments by which we dcmonatratc the liquefactioB 
of certain imperfect gases. I think I may safely assert that if 
the whole of the heat of condensation were retained by the g 
itself, no amount of compression would produce the lique- 
faction of any gas. Only a very small fraption of the whole 
heat can be radiated away from the vast solar atmosphere^ 
and this, as I shall show hereafter, is continually restored. 

38. By a series of experiments upon the rise of temperatnil 
produced by exhausting a large receiver in which a tfaer* 
mometer was suspended, and observing the loss of heat froii' 
rarefaction, and the heat gained when the air was re-admittedj 
Leslie found {after due allowance for absorption of receiver^ 
etc.) that the increase of the temperature of air due to itf 
own condensation may be expressed in degrees of centigracto 
thermometer by the following simple formula, where B repw 
sents the greater pressure, and b the lesser : — X=(-=- — = 

39. Taking the atmospheric pressure on the earth as uni^ 
for b, and the pressure on the lower portions of the solar atnio« 
sphere for B, we get {^^?1 ^ ^^^) 25=380,832° Cent, 
or 685,529° Fahr., as the temperature of the lower regions 
the solar atmosphere. This is so enormously beyond anj 
temperature of which wc have any terrestrial experience, that i 
is quite impossible to form any rational conception of sac 
intensity of heat. 

According to Dalton's experiments* " in letting in air to « 
exhausted receiver, something more than 50° of heat la pro 
duced," and in restoring the equilibrium of air which baa 1 
condensed to two atmospheres, " about 50° of cold ia pro 

• Memoirs of the Literaiy and Philosophical Socielif of Maacheiter, voL 

part ii., p. 516. 
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Iduced," i. e., each atmosphere of additional pressure produces a 
' rise of temperature of the compressed air=50° Fahr, As- 
Baming that this continues true of higher pressures than one 
I and two atmosphereSj the heat evolved by a pressure of 15,2333 
atmospheres will be 15,233-3x50=761,665° Fahr., which ia 
76,136°, or about one-ninth more than the result obtained 
according to Leslie's formula. 

Dalton's figures are very nearly in accordance with the 
more recent results obtained by Mr. Joule in determining the 
mechanical equivalent of heat. By calculating the amount of 
work done in compressing 15,233-3 atmospheres, I obtain much 
higher figures than either of the above, but the specific heat of 
such compressed air and vapour at a constant pressure being 
Btill a debateable question, I am unable to satisfactorily calcu- 
late how much of the heat thus obtained will remain as free 
temperature, after it has done the work of heating and ex- 
panding the compressed atmosphere itself. 

41, As these estimates are baaed upon experimental results 
obtained with such relatively low presajires, they must only be 
regarded as crude approximations. This is all that is required 
for my argument, which will be no more affected by the correc- 
tions that will be made hereafter than are the general laws of 
physical astronomy by the recent correction of the estimated 
distance between the aun and the earth. On this account I 
have neglected the correction due to the difierence between the 
real and apparent diameter of the aun, before referred to, and 
have not included any additional pressure from atmospheric 
■water. These indeterminable quantities would make a eon- 
eiderahle addition to the calculated solar temperature. 

I have already (sections 32 and 33) stated reasons for re- 
garding water as atmospheric matter, and concluding that the 
general medium of space contains a large proportion of either 
aqueous vapour, or the uneombined elements of water, or 
more probably of both. That the atmosphere of the sun con- 
tains the elementa of water iu profuse abundance, ia shown 
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by spectroscopic researches, especially by the recent obserra* 
tiona on the composition of those enormous mountains of 
gaseous matter, the solar prominences. These being' ejectioi 
from the body of the solar atmosphere, and being viewed i& 
profile, (he priamg receive little else than the radiations JrM 
atmospheric matter, and thus reveal only the composition oi 
the solar atmosphere, whereas the observations made perpen- 
dicularly upon the photosphere take in all those radiatiom. 
that may pass through the solar atmosphere from its lower 
depths, where a large proportion of the materials of the ho^ 
of the sun must exist in a fused and volatilized condition, 
reply of the spectroscope is, that these samples of the solu 
atmosphere which are thus submitted to it for analysis an 
mainly composed of hydrogen and aqueous vapour. The 
reply is radiated from the steady and the flashing stars, fro* 
the mysterious nebulse, and even, in a modified form, from tha 
light of comets. If the temperature of our atmosphere were 
raised above the boiling point, its composition in relation to 
aqueous vapour would be e.vactly the reverse of what actually 
exists. Instead of a mixture of nitrogen and hydrogen, 
a little aqueous vapour diffused through it, there would be tsk 
atmosphere consisting mainly of water in the gaseous stata, 
with an insignificant proportion of the free nitrogen and 
oxygen diffused through it. Without assuming that the sun's 
atmosphere must necessarily contain so large a proportion 
as this, there is, I think, sufficient reason to infer that the 
vapour or elements of water constitute its pre ponder atiug 
ingredient. 

43. Let us now consider what will he the effect of the heat 
evolved by the compression of the solar atmosphere upon this 
important constituent, the vapour of water. It has been proved 
that when aqueous vapour, under atmospheric pressure, is raised 
to a temperature of 2,800° Centigrade, or 5,072° Falir.,* 

* Caillelet, fiom furnioe eiperimeats, flies the tsmpenture it whioh □q'go) 
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"disaociatioii" takes place, — it ia separated into its elements, 
wiich are incapable of reuniting so long aa this or any higher 
I temperature is maintained. At 1,200° Centigrade carbonic acid 
I ifl, in like manner, separated into carbonic-oxide and oxygen, 
wliich, like the elements of water, form a furiously explosive 
mixture at ordinary temperatures, but which, at the tempera- 
ture above named, arc mutually inert. 

44. This work of dissociation by heat ia strictly analogous 
to that done in evaporation. In conferring upon a liqidd the 
new property of gaseous elasticity, a definite quantity of 
calorific energy is manifested in this newly acquired expansive 
power, and therefore is not also manifested as temperature. 
In like manner a still larger amount of temperature ia with- 
drawn when heat ia converted into the force necessary for 
separating the vapour into its component gases. The heat thus 
converted or rendered "latent" amounts, according to M. St. 
Claire Devilte, to about 8,000 Fabr.* This converted heat of 
dissociation is restored as temperature when re -combination 
occurs, just aa the latent or converted heat of steam is restored 
when the vapour is condensed into a liquid. The total quantity 
of heat required for dissociation is therefore 8,000° Fahr., in 
addition to that which ia necessary for raising the vapour to the 
temperature of 5,072°. 

45. It is evident then, that the first result of the great 
evolution of heat from mechanical condensation of the mixed 



refusen to combme with hydrogen acd ciirlioiiio oiide at 3, little above the fusiog 
point of plalinum, which is between l,8iXl° and 3,000° Cent. M, St. Claire 
Deville, whose elaborate and laborious researches on this eubjeot have made it 
slmott his own, determined the temperature of dissociation of aqneous vapour to 
be 3,500° Centigrade (iefom de la Societe Chemique de Paris), in a flame pro- 
duced by the mixed gases, where the tension is estimated at 425 millimetres. 
BnnBen's eiperimenls with a valved eudiometer raises the temperature to 3,800° 
Centigrade, which temperature has since been adopted by M. Deville {Comptta 
Seiubu, Nov. 30, 1868.) 

* 2.153 " ealoria"=-^j^ x -|-=8l57-87°. 
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atmosphere of aqueous vapor, carbonic acid, and free oxygen 
and nitrogen, will be the dissociation of the water and the 
carbonic acid, which act of dissociation must produce a great 
reduction of temperature. In the lower regions of the solar 
atmosphere, where the evolution of heat from condensation 
attains its maximum, we may assume that this free heat will be 
more than sufficient to dissociate the whole of the aqueous vapor 
and carbonic acid, and thus the dissociated gases will still be 
left at a higher temperature than was necessary to affect their 
dissociation. (It must, however, be remembered that this 
temperature of dissociation increases with the pressure, and 
therefore will be vastly higher in the lower regions of the solar 
atmosphere than that named by Deville and Bunsen.) The 
quantity of surplus heat remaining after dissociation is effected, 
will depend upon the relative proportions of the combined and 
uncombined gases originally existing in the universal atmo- 
sphere.* 

46. This surplus heat remaining after the dissociation of 
the lower strata of the solar atmosphere is completed, will of 
course be carried upwards, and as it rises and reaches the 
elevation where the heat of compression was insufficient of 
itself to effect dissociation, it will supplement the temperature 
and raise the level of the upper limit of complete dissociation. 
But there must somewhere be a height at which the temperature 
capable of effecting dissociation terminates; where the atmo- 
sphere of elementary gases fringes upon that of combined 
aqueous vapour, and where these separated gases must rush 
into reunion with a furious chemical energy which wiU be 

* As the temperature of dissociation increases with the pressure, a very im- 
portant and interesting question here presents itself, viz.. Does the temperature of 
aqueous vapour, when submitted to increasing pressures, rise any more rapidly 
than its temperature of dissociation ? If it does not, then all the 8,000° of con- 
verted heat must be supplied by the free oxygen and free nitrogen. In any case, 
the whole of their heat is* spare heat that can be stored by conversion into dis- 
sociation fuel, and my original calculation is based only upon an unit from which 
atmospheric water is almost completely excluded. 
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manifested by violent combustion. Thus we shall have a 
sphere of dissociated gases and a sphere of compound vap(nii*s 
separated by an interlying stratum of combining <rases ; a 
spherical shell of flame, constituting exactly what solar ob- 
servers have described as the " photosphere/' which forms the 
visible boundary of the solar surface. I shall be able to 
show hereafter that not only the blazing photosphere that 
dazzles our unprotected eyes, but all the details revealed by 
the face of the sun to modem telescopic observation, follow 
as necessary consequences of the principles already explained, 
and the other physical conditions of the sun which I shall 
describe in the following chapters; the spots, the ^^ facul<By^ 
the "umbra^^ and " penumbra/' the ^^ mottling ,' the " granu- 
lations/' the '^ clouds/' thfe 'Spores " and ^^ punctulations/' the 
^^ platforms/' the '^promontories/' the '^ willow leaves/' ''rice 
grains/' "thatch" and "things/' the "bridges" crossing the 
spot chasms thousands of miles wide with a "single span, will 
all, with due allowance for the. specialities of eyes, telescopes, 
and weather, prove to be just the appearances which are theo- 
retically demanded, and which admit of very simple and natural 
explanations. 

Before entering into these details I must devote a few 
chapters to the great physical laws and conditions upon which 
these variegations of the photosphere mainly depend. We 
shall then understand that these telescopic curiosities are no 
cosmical irregularities or "freaks of nature,^' but that if they 
were not there, we should not be here ; that, like every other 
fact which human investigation can discover and assign to its 
proper place in the order of creation, they are necessary links 
in the great chain of causation which upholds the existing 
universe. 
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NOTE ON " LATENT '^ HEAT. 

47. At the conclusion of the second chapter of M. Devflle's 
Leqons sur la Dissociation, he apolo^ses for continuing the 
use of the term " latent heat/' and justifies it on the ground of 
its great convenience. He quotes the analogous practice of 
astronomers, who for simplicity sake ^^ substitute the apparent 
movements of the stars for their real movements," and further 
advocates the continued use of the term in order to avoid 
neology. I here find myself in a similar dilemma in reference 
to this expression, which is at the same time so temptingly 
convenient, and so atrociously unphilosophical. The entire 
disappearance of a certain quantity of heat, and its reappearance 
in precisely the same quantity and in the same place, is so 
definite and sensible, that the game of '^hide and seek^' is 
charmingly expressive of the phenomena, and was perfectly 
tolerable while heat was regarded as an extravagantly subtle 
sort of substance quite capable of dodging the philosopher by 
squeezing itself between those ultimate atoms of matter which 
his imagination had created and his mathematics had nourished. 

But now, having abandoned the idea of "imponderable 
matter,^' and regarding heat as a " force,'' this term latent heat 
is altogether an absurdity. To speak of a latent force is about 
as reasonable as to describe an achromatic colour, or an unfelt 
sensation. 

It clashes so harshly with the grandest and most funda- 
mental development of modern philosophy, viz., the doctrine of 
the indestructibility of force, that I think no dread of neology 
should prevent us from substituting a better term for it. I 
have therefore been sufficiently presumptuous to perpetrate such 
a neology. I use the term " converted " heat in the place of 
latent heat, and when speaking of the recombustion or recon- 
densation of the same substance I use the term ^^ restored heat " 
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le same manner as we speak of the blue colour of litmus 
g converted to red by an acid, and restored by an alkali, 
erwise, when the conversion of the heat of the particular 
itance has not been under immediate consideration, the terms 
ution or giving out of heat are used. 
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THE MAINTENANCE OF THE SOLAB LIGHT AND HEAT. 

THE CONSTANCY OF 80LAB HEAT AND LIGHT IN PAST TIME — FUTTJEE PKB- 
MANENCY OF SOLAS HEAT AND LIGHT— THE THEOBETICAL CONSTITU- 
TION OF THE STJN — HEAT EVOLVED BY COMBUSTION EQUIVALENT TO 
THAT CONVEBTED BY DISSOCIATION — THE COMBUSTION OF DIS80CUTED 
GASES IS LIMITED BY THE POSSIBILITIES OF EADIATION AND THB 
TBANSMISSION OF HEAT — ^A HYPOTHETICAL SUN— OBIGIN OF THE STOCK 
OF SOLAS FUEL— THE LIMIT OF SOLAS COMBUSTION — GSADUAL EXTINC- 
TION OF THE SUN IF NOT SUPPLIED WITH FSE8H FUEL — FBESH FTJBL 
IS SUPPLIED TO ALL THE CENTBAL SUNS — ^EFFECT OF THE SUN'S PAS- 
SAGE THBOUGH THE INTESSTELLAB ATMOSPHESIC MEDIUM — THE DAILY 
SUPPLY OF FSESH SOLAS FUEL — ATMOSPHESIC BOMBABDMENT OF THE 
SUN — SOLAS CONCENTSATION OF THB HEAT OF SPACE — ALTEBNATB 
COMPSESSION AND SASEFACTION OF ATMOSPHESIC MATTES — IS THE 
FSESH ATMOSPHESIC FUEL STIBBED INTO THE SOLAS FUBNACE ? 

48. All the records of human experience and observation 
indicate that during the historical period no sensible increase 
or diminution of the solar light and heat has occurred ; and the 
incomparably older records of geological history point to the 
same conclusion. No theory of the sources of solar heat and 
light can be sound which fails to explain this degree of per- 
manency. 

49. In addition to the demands of historical fact there is 
another^ which, though less imperative, is not to be altogether 
overlooked. I refer to the almost irresistible a priori belief in 
thfe permanency of the imiverse, which is usually the strongest 
in those who have the most deeply studied its mechanism. It 
is true that this is not a purely intellectual conclusion capable 
of logical demonstration, but is only an inference supplied by 
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■the iotellect, on the basis of probability, to satisfy the cravings 
of our moral sentiments,- — it ia a poetical, rather than a scien- 
tific couclusion. But the moral sentiments and poetical facul- 
ties are as truly and properly a part of man's nature as his sense 
of touch, and, when properly regulated, their conclusions are 
probably as near approsimatious to absolute truth as the im- 
pressions derived from his senses. Thus to be gatisfaclory as 
well as sound, our theory must not only explain the past 
uniformity of the solar radiations, but must also define the 
provision for their future permanency. I will now proceed to 
show how both of these conditions are falfilled by the theory I 
am expounding. 

50. First. As regards uniformity of radiation. The sun, 
according to my hypothesis, is a hollow flame with dissociated 
combustible gases within it, and a nucleus of some kind within 
them. It differs from the hollow flame of a candle in the very 
important respect of not being dependent upon external oxygen 
for its support; it contains all the materials of combustion 
within itself, but this combustion — or combination— is restrained 
from proceeding explosively inwards by the dissociating force of 
the high temperature of the inner gases. 

51. When two substances, such as oxygen and hydrogen, 
combine chemically, they evolve an amoiuit of heat exactly 
equivalent to that which is required to drive asunder the con- 
stituents of an equal quantity of the compound which they 
form ; and therefore the amount of combination or combustion 
that can take place in a given mixture of such elementary gases 
is limited by the quantity of heat which surrounding bodies are 
capable of abstracting. To illustrate this, let us conceive the 
case of a certain quantity of the elements of water heated 
exactly to the temperature of dissociation, and confined in a 
vessel the sides of which are maintained externally at precisely 
the same temperature as the gases within, so that no heat can 
be added or taken away from the gases. No sensible amount 
of combination could now take place, as the first infinitesimal 
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r combustion would set free just the amount of li 
required to decompose its ovra result. In like manner, if a 
quantity of aqueous vapour were subjected to the same con- 
ditions, there would be a correspondiug equilibrium; and no 
sensible amount of dissociation eould take place, as the first ' 
effort of dissociation would be attended with a conversion of 
heatj and consequent loss of temperature, which would be 
exactly compensated by the instantaneous reunion or comhus- 
tion of the infinitesimally small quantity of dissociated water. 

52. Let us now Eup])ose a modification of these conditions, 
viz., that the vessel containing tbe dissociated gases at the 
temperature of dissociation shall be surrounded with bodies 
cooler than itself, i. e., capable of receiving more heat from it 
than they radiate towards it ; there would then take place just 
so much combustion as would set free the amount of beat re- 
quired to maintain tbe temperature of the vessel at tbe dissoci- 
ation point ; or, in other words, combustion would go on to the 
extent of setting free just as much heat as the gaseous mass 
waa capable of radiating, or otherwise transmitting to aurround- 
ing bodies; and tbia amount of combustion would regularly 
and steadily continue until all the gases bad combined. 

53. We have only to give this bypotbetical vessel a spherical 
form and an internal diameter of 853,380 miles, — to construct 
its enveloping sides of a thick shell of aqueous vapour, and then 
by placing in tbe midst of the contained gases a central nucleus 
of solid or liquid matter, we are hypotheticaUy supplied with 
the main conditions which I suppose to esist in tbe sun. 

54. A little reflection upon the application of these laws to 
the above conditions will show that the primal clash of solar 
atmospheric condensation (I imagine such a beginning for illus- 
tration sake) would not produce an epoch of excessive heat 

a steady dechne consequent upon secular radiation ; 
hut that the first effect of the heat developed by compression 
would be a dissociation of aqueous vapour esactly commensu- 
rate with the heat thus evolved, and this would limit the re- 
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suiting temperature to the dissociation point. The stupendous 
ocean of explosive gases thus formed would conatitute an enor- 
mous stock of fuel capable, by its combustion, of setting free 
exactly the same quantity of heat as had previously been con- 
verted into decomposing or separating force, and which, could 
it all combine at once, would produce an explosion that would 
shatter the whole of our solar system. 

55. Instead of this, the amount of combustion must, from 
the first, have been limited by the damper of dissociation, and 
confined to the work of supplying the quantity of heat which 
the flaming surface could radiate to surrounding matter; and 
this quantity of radiation must be limited by the outer envelope 
of aqueous vapour which, as already shown, must exist above 
the atmospheric level where the temperature of dissociation is 
reached. This vapour, with the addition of that produced by 
combustion, would constitutCj by its well known resistance to 
the passage of such heat rays as would be produced by such 
combustion, an effectual jacket for limiting the amount of 
radiation. 

56. If only these conditions existed, there would be a stea 
decrease in the amount of solar heat; as the vaporous envelope 
would go on increasing, and just in proportion as it resisted 
the radiation, would it diminish the amount of combustion, 
this manner the fuel of the sun would be economised, aud the 
date of its final extinction almost iudefinitely postponed; but 
in the meantime all the creatures of the attendant worlds, de- 
pendent for existence upon the solar radiations, would gradually 
languish, and either universal death or a new order of life must 
he the final result of this slow decline of the life-giving radia- 
tions from our central luminary. 

57. A further examination of the machinery of the universe 
shows that no such extinction of the sun— even at the remotest 
conceivable period — no gradual diminution of his energies, need 
be feared ; but that a certain normal amount of radiation when 
once attained will, as far as we can learn from the existing order 
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of nature, be maintained eternally by our sun and all the other 
suns that are surrounded by dependent planets. This fresli 
supply of fuel is supplied by the greater orbits of the greater 
orbs, and the reacting gravitation of their attendant worlds. 

58. Our sun is travelling through space with a velocity that 
has been computed at about four to five hundred thousand 
miles per day. Now, if the hypothesis of an universal atmo- 
sphere is correct, the sun must, of necessity, encounter some 
resistance in his passage through it. On what part of the sun 
will this resistance be applied? Obviously on the outer regions 
of his atmosphere, which, being fluid, will yield to such resist- 
ance, and a portion will be left behind.* But his gravitation 
still remains the same, and he must, therefore, still obtain his 
share of the general medium. This will, of course, be derived 
from that portion of space into which he is progressing, while 
the friction trail will be left in the rear. The retardation due 
to the drag of the rear must be compensated by the gravitation 
towards the sun of the atmospheric matter of the region into 
which he is advancing, for this newly arriving atmosphere will 
be falling towards the sun, and to the extent of its gravitation 
must pull the sun towards it. 

59. Let us now see what will be the amount of fresh fuel 
thus supplied to the sun. The daily supply will be equal in 
bulk to the contents of a cylinder having a diameter equal to 
that of the sun and his attendant atmosphere, and whose 
height or depth is four or five hundred thousand miles. 
Taking this diameter at 900,000 miles, and the length of 
the cylinder at 450,000 miles, its cubic contents will be 
286,278,300,000,000,000 cubic miles. I will assume that the 
interstellar atmosphere has a density of only one himdred 
thousandth part of that of our atmosphere at sea level. A 
cubic mile of such rarified air would weigh rather more than 

* The atmospheric envelope of the sun will thus act as a lubricant diminish- 
ing the friction of his passage, just as the oil applied to a bearing does the same 
by the free sliding of its fluidity. 
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fifty tous. The total weight of the daily cylinder of fresh fuel 
will thus be 14,313,915,000,000,000,000 tons, or, in ronnd 
nomhers, 165 millions of millions of tons per second. 

60. Attempts have been made to aecouut for the heat of 
tie sun by an imaginary bombardment of showers of supposed 
aerolites, a theory which continually alters the velocity of 
planetary motion by the constant increase of the sun's mass, 
and consequent gravitation ; and which is contradicted by all 
the records of solar and planetary constancy. My hypothesis 
supplies a perpetual bombardment of 165 millions of millions 
of tons of matter per second, without, in any degree, altering 
the density, the bulk, or any other element of the solar cou- 
Btitution. 

61. In addition to tliis there is the heat that must be 
evolved when, by the compression resulting from its approach 
to the sun, this atmosphere is made to restore and concentrate 
the heat which, during ages of rest, it has absorbed from the 
radiations of all the suns and planets of the universe. 

62. If we force into a strong vessel several atmospheres of 
air drawn from without, the temperature of the compressed air 
and of the sides of the vessel will be raised in proportion to 
the amount of condensation. If the closed vessel be now 
allowed to radiate until it attains the temperature of the 
surrounding air, we shall find, upon allowing the condensed air 
to escape and expand itself to its original bulk, that its 
temperature will fall by the expansion exactly in the same 
degree that it was raised by the previous condensation. This 
kind of action must occur as the sun rushes forward into the 
thin gaseous matter of the interstellar atmosphere. There 
must be condensation in the front and rarefaction in tlie rear 
of his course. The fresh air into which he is advancing must 
be compressed by his approach and by its own gravitation 
towards him, and that which is swept round his surface to fill 
the void behind must expand after it has left him. 

63. If this were the only action of the kind, its heating 
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eflfect would be comparatively small^ and limited to the outer 
surface of the solar atmosphere ; as the greater portion of the 
atmospheric matter passing away behind would merely be the 
same as struck the fronts and at once passed round superficially 
to the rear. But if by any means a portion of this mighty and 
perpetual flood of newly arriving, highly rarified, and calorific 
atmosphere could be plimged, or pumped, or whirled into the 
lower strata of the solar atmosphere, it must, of necessity, eject 
an equal quantity of the old eflfete atmospheric matter which 
had already given up more or less of its heat by compression 
and radiation ; thus the newly arriving air would, by the com- 
pression of the lower depths, be forced to yield up some of 
the heat it had accumulated by ages of absorption, and the old 
exhausted material it had pushed out would, in consequence of 
its upward projection, meet the superficial rearward current, 
and be carried behind to form a cool trail by its subsequent 
expansion. The question which next arises is. Does there exist 
in the actual arrangements of the solar system any machinery 
for thus stirring in an important quantity of the new atmo- 
spheric matter, and ejecting the old ? If so, the mainten^noa 
of the sun's heat may be fully accounted for. I will endeavour 
to answer this question in the next chapter. 
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64. In the last chapter I have endeaTonred to show how the 
sun in its journey through space is presented with enormous 
supplies of fresh ftiel, and have indicated that some machinery 
is necessary to fully utilize this ; for should it merely sti-ike the 
surface of the solar envelope, slide over it and pass away, it 
would only be slightly compressed, and would fully n" ' "only 
that portion of its possible work which i" "l"" 
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friction, while its most important capacity of yielding up its 
accumulated absorptions would be of small avail. To prodace 
its full effect, this fresh fiiel must find its way into the lower 
depths of the solar atmosphere, and there be subject to all the 
heat and light evolving agencies already described. The 
furnace of the sun, like our humble furnaces on earth, reqiiires 
not only a continuous supply of fiiel, but a stoker to feed and 
stir it. I think I shall be able to show that the planetary 
attendants of the sun perform this duty with untiring vigi- 
lance and efficiency. 

65. If the sun simply rotated around its own geometrical 
axis, its atmosphere would be carried with it ; and if not dis- 
turbed by other causes, might calmly continue this rotation, 
with a gradual and regular retardation outward, until it merged 
insensibly into the general medium of space, and, in the same 
degree, lost, by the continuously increasing counter friction, 
the original impulse imparted by the friction of the rotating 
nucleus. In such a case the interchange between the upper 
and lower regions of the solar atmosphere would be limited to 
that resulting from the different degrees of retardation pro- 
duced by the general medium acting upon the varying 
velocities of the solar atmosphere, due to differences of latitude. 

66. This, however, is far from being the actual condition of 
the sun. His movements are extremely complex and irregular. 
He probably has such a regular axial rotation as above de- 
scribed, but to this is superadded another motion resulting 
from the reaction of the planets in their orbits. If all the 
planets of the solar system were so situated that a line drawn 
from the centre of the sun to the centre of Neptune should- 
pass through the centres of all the interjacent planets, and if 
they all moved in the same plane, and in orbits of equal period, 
so that these relative positions should be constantly maintained, 
the sun^s necessary motion could be easily described. It would 
have, in addition to its own axial rotation, a small orbital revolu- 
tion about the common and constant centre of gravity of the 
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"whole system. This commou centre would fall somewhere 
Trithiu the suu'b own dimensioiis, and thus his orbital revolution 
J "would be equivaleut to a rotation upon an eccentric axis. This 
■ motion, combined with the strictly axial rotation, would be 
similar to that of a apinning-top previous to its falling, when it 
has a reeling revolution in addition to its rotation upon its peg. 

67. In order to form some idea of the extent of irregu- 
larity due to such disturbance, let us further suppose that the 
combined gravitation of the planets thus arranged should be 
just snfScient to throw the centre of gravity of the whole solar 
system exactly on the surface of the photosphere. The sun 
would thus have an orbital motion around this common centre 
of gravity, and the radius of the solar orbit would be equal 
to the solar diameter. Thus during each revolution the sur- 
face of one side of the sun would move throngh a space of 
more than five millions of miles, while the surface of the 
opposite side would at the same time be merely turning upon 
itself, and thus have no such motion of translation, while all 
the intermediate portious of the surface would have inter- 
mediate velocities. The rotation of the sun upon its axis 
would be continually interchanging the surfaces subject to these 
variable velocities. Under these circumstances the atmosphere 
of the sun (or the whole of the sun if fluid) woiJd assume the 
form of a prolate spheroid, whose longer axis would be a line 
■which, if continued, would pass through the centres of gravity 
of all the planets, and it would revolve with them. If the sun 
had an axial rotation of a different period from this, this atmo- 
spheric protuberance or tide wave would travel round the body 
of the sun. 

68. The actual effect of planetary gravitation on the sun is 
to produce a disturbance of the kind above described, but in a 
most irregular manner. In the case supposed, the centre of 
gravity of the whole solar system, although not coincident 
with that of the sun's magnitude, would remain relatively con- 
stitnt, I. c, the degree of its eccentricity would always be the 
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same. As it is, the planetary motions are so complex, and 
their relative positions are so perpetually changing, that the 
position of the general centre of gravity in relation to the mass 
of the sun is never the same for two consecutive seconds, and 
therefore the disturbances of the sun^s motion, due to the 
reaction of planetary gravitation, must be most irregular and 
complex, especially if, as I shall endeavour to show hereafter, 
the greater portion of the bulk of the sun consists of gaseous 
matter, and the ^^ nucleus " is but a comparatively small kernel 
in the midst of the gaseous mass. The gaseous matter would 
be. lifted or bulged or undulated as a tide- wave, and dropped 
again, but the solid (or more probably viscous nucleus) would 
be dragged bodily about with an irregular reeling motion inside 
this profound undulating gaseous ocean, which it would thus 
stir into eddies, as the stroke of a fishes tail makes eddies 
in a pool. 

69. Without attempting to define the nature of these ir- 
regularities, or even to estimate numerically the maxima and 
minima of the eccentricity of solar motion, I may safely aflSrm 
that they are quite sufficient to produce an enormous amount of 
disturbance of the solar atmosphere ; a complication of clash- 
ing tides, of irregularities of velocity in the dififerent portions 
of this vast atmospheric ocean, and the consequent formation of 
mighty maelstroms, vortices and cyclones, hurricanes and 
tornados, of fury inconceivable to the dwellers upon this com- 
paratively tranquil earth. Whether we regard the nucleus of 
the sun as reeling irregularly in the midst of his profound fluid 
envelope, or his atmosphere as dragged here by Jupiter, there 
by Venus, hither by the earth, thither by Saturn, and every- 
where in the meantime by the vivacious Mercury, we cannot 
fail to perceive in this ever varying resultant of planetary 
attraction an agent for perpetually stirring up, interchanging, 
and mingling together the various strata of the solar atmo- 
sphere; by means of which the vigorous and newly-arriving 
fuel must be whirled into the midst of the photosphere, and 
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deeper still to the lower ocean of dissociated elements, 
■while huge upheavals of the thermally exhausted atmospheric 
Knatter must find its way again to the upper regions of the 
Varefied atmosphere, nhore by its re-espansiou it will be 
cooled below the general temperature of the interplanetary 
medium, and then swept round and carried into the wake of 
the Bun. 

70. That the solar atmosphere is in the state of agitation 
"which should result from the above & priori considerations is so 
■well tnown that I need scarcely refer to the observations of 
that great solar anatomist, Mr. Carrington, and that result of 
his minute and industrious dissections of the photosphere 
.which proves that, while the equatorial portions of the photo- 
sphere malie a complete revolution in 30'86 days, those at 
latitude of about 50° revolve in 28'36 days. Now when we 
consider the great velocity of translation which these figures 
represent, the amount of atmospheric disturbance due to such 

[differences must be enormous; for whatever theory is enter- 
' tained of the composition of the nucleus, its proper axial rota- 
tion should give to all parts of its surface the same period of 
revolution, and aU the difference between the velocity due to 
■ euch regularity and that of the atmospheric irregularity, must 
be represented by furious hurricane, 

71. The mighty cyclones witnessed in actual progress, and 
described and figured by Padra Secchi and others ; the abun- 
dant evidence now admitted by all solar observers to ratify the 
conclusion that the spots arc but great whirlpools of the photo- 
Bphcre, the proper motion of these spots irrespective of the 
general revolution of the photosphere ; the furious upheavals of 
the photosphere into the chromosphere, and of the chromo- 
sphere into the rarefied region beyond, all unite in proving the 
existence of a general and furious agitation of the solar atmo- 
sphere, which I think I may now regard as freely admitted by 
all solar observers. I need not therefore dwell any longer 
I'Qpon the question of fact; but my explanation, which attri- 
|^_ E 2 
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butes these movements to tbe disturbing reaction of planetary 
gravitation, requires some further diacuasion. 

72. It may be argued that the mass of tbe moon bemgi 
relatively to that of the earth, so much greater than the com- 
bined mass of the planets relative to that of the auu, we oi^bt 
to have all these effects represented upon the earth. (The mass 
of the moon is -gV of that of the earth, while that of all the 
planets is but -j^ of that of the sun.) And further, that tiie 
variable gravitation of the planets of the solar system being 
exerted upon the earth as upon the sun, should therefore pro- 
duce similar atmospheric effects. 

73. My reply to this is that the moon and the planets rfii 
act upon the earth and its atmosphere, and do produce atmo- 
spheric movements, and that those produced by the moon are 
of considerable magnitude, but the conditions of these move- 
ments, and the relative amount of their visible effects, is very 
different from those which must be produced in the vast atmo- 
spheric ocean of the sun. 

74. First, as regards the great preponderating force of the 
moon. This must effect an atmospheric prolation such aa I 
have described (67) when speaking of the supposed united and 
uniform gravitation of the planets on the sun. We are on- 
conscious of its esisteuee, because the lunar gravitation vbich 
uplifts the great atmospheric tide-wave, or rather tide-ffO' 
tuberance, supports that which it raises, and therefbre the 
barometer is unaffected by it. From the regularity of the 
lunar action the rising and falling of this atmospheric tide 
would produce but a relatively small amount of disturbance of 
the atmospheric movements of translation upon the earth, or 
atmospheric currents. I can only venture to speak very gene- 
rally upon the atmospheric currents which such tidal action of 
the moon is capable of producing, as it evidently presents a 
problem of considerable magnitude and complication, and one 
which appears to have been altogether neglected. It is not 
under the apex of the tidal protuberance that horizontal move- 
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ments of the atmosphere would be produced, but in its front 
and rear and lateral boundaries ; especially where its updraw 
and outthmst, rendered more or less horizontal by the earth's 
curvature, coniuacB the gradations of normal horizontal atmo- 
spheric velocity which are due to the earth's rotation, 

75. The atmospheric effects of planetary gravitation upon 
the earth must be very different from those upon the sun. The 
earth with its mere akin of atmospheric matter must be moved 
as a whole, retarded or accelerated bodily with its atmosphere 
in its orbital movements; the whole dimensions of the earth 
presenting little more than a mere point for uniform dynaniical 
operation. The difference between the force of planetary 
gravitation upon different parts of the earth, upon the surface 
as compared to the centre, upon one side and the opposite side, 
upon the atmospheric matter as compared with the solid 
nucleus, is ao small as to be practically inconsiderable, but 
upon the immense body of the sun the action is very different. 
Let us tate Venus at mean distance for example. This 
distance being equal to about 77 solar diameters, the force 
of her attraction upon the near side of the sun is more than 
■jiy, or above 2^ per cent, greater than that upon the opposite 
side of the sun; thus the nucleus of the snu and all the 
different parts of the solar atmosphere are subject to sensibly 
variable degrees of attraction from the same planet. If then I 
am right in regarding the solid solar nucleus as having only a 
small fractional part of the visible dimensions of the sun, each 
planet will effect its own particular irregularity between the 
movements of the solar atmosphere and those of the nucleus 
vrithin. As I have already stated, the smallest calculable 
degree of such internal independent reeling of the solar 
nucleus must produce tremendous atmospheric eddies, by stir- 
ring the lower depths of the solar atmosphere, where the 
momentum due to the movements of gases of such great 
density would be communicated to an upper and widening 
circle of lighter atmospheric matter, until its vorticose out- 
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break on the surface of the photosphere would be visible to 
human observers in the form of sun-spots. 

76. This communication of momentum from one portion of 
the matter of the profound solar atmospheric ocean to another, 
and the consequent permanent retention of the whole of the 
atmospheric motion as such, is directly suggestive of a subject 
which has not, I think, received the attention it deserves, and 
which has a very important bearing upon this comparison 
between the solar and terrestrial atmospheric disturbances. I 
allude to the friction of our atmosphere upon the surface of the 
earth. The sum total of mechanical energy which is thus 
expended must be enormous, and its necessary effects are well 
worthy of careful study. In roaring up the mountain sides and 
through the valleys of the dry land ; in bowing the trees of the 
forest and rubbing over the vast surface presented by its twigs 
and leaves, and in lashing the sea into foaming billows, onr 
atmosphere is expending an amount of force which must have a 
very great effect in checking the momentum of such hght 
material as its own. All the movements of our atmosphere 
are thus subjected to a steady continuous retardation, which 
must effectually, though gradually, prevent the accumulation 
of independent atmospheric motion. A large amount of heat 
must be evolved in exchange for the motion thus destroyed. 
This friction is the chain which binds our thin film of atmo- 
sphere to the solid earth, and compels it to follow the earth's 
rotation. Under the atmospheric conditions which I attribute 
to the sun the results must be very different. All the fory 
of the tropical tornado {i. e., of the vortices that occur upon 
those portions of our earth corresponding to the '^ spot regions" 
of the sun) which with us is expended so destructively in devas- 
tating both sea and land, would there be employed in com- 
municating similar motion to other atmospheric strata, thus 
developing, deepening, and continuing the cyclone, by expend- 
ing the sum total of the original momentum on atmospheric 
movement exclusively. 
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77. I may here observe in passing, that it appears to me 
that the recent researches on the laws of storms have quite 
refuted the usually expounded theories, which attribute the 
great movements of our atmosphere to differences of tem- 
perature, and to the formation and condensation of aqueous 
Tapour. No such explanations can cover the great diameter and 
the long excursions of the cyclones, to which so many of our 
storms have been traced. Coaraical causes are demanded to 
explain these. An island in a tropical sea, especially if its land 
is low and barren, presents us with about the strongest obtaiu- 
able case of directly contiguous variations of temperature and 
moisture, and we know the results of tins in the daily sea and 
land breezes which blow so gently and so gi'atefully, which 
extend scarcely a mile or two beyond the shore, and are accom- 
panied with none of the characteristic effects of these great 
circular atmospheric movements. I suspect that there is more 
tmth in the general popular notion respecting the ruling in- 
fluence of the moon upon the weather than modern philosophers 
and their philosophy arc at present prepared to admit. These 
notions appear to be traditional inheritances from the ancient 
astronomers, those shepherds of the East wlio rudely gathered 
80 great an accumulation of facts, and whose position on the 
earth would render their climate more likely to be subject to 
traceable influences of the lunar atmospheric tides than our 
climate possibly can be. 

78. That an actual connection between the disturbances of 
the solar atmosphere and the position of the planets does esist 
is shown by the observations of Mr. Carrington, who finds that 
the varying distances of Jupiter aft'cet the development of spots, 
which are more abundant when this planet is furthest from 
the sun, M. Rudolph Wolf, of Berue, has observed that besides 
the well known period of 11'2 years there is also another period 
of maximum spot- development of about fifty-six years, which 
Mr. Balfour Stewart* has shown to correspond very nearly with 

• In H paper communiratcd to the Astrouomiciil Sueietj, 1861, "Ou the Iwue 
i-un-Hpot period of about tifty-aix years." Ji^l 
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tte epoch at whicli Jupiter and Saturn come to aphelion 
together. 

79. The combiQed researches of Messrs. Warren de la Ene, 
Mr, Balfour Stewart, and Mr. Benjamin Loewy, indicate the 
predominant influence of Venus. In proaecution of these 
researches " Mr. Carrington's original drawings were examined 
by two observers noting the behaviour of each spotj and the 
results again compared with Carrington's published maps, 
which give the behaviour of spots from day to day ; ultimately 
a list was obtained, no spot available for comparison being left 
out. A similar process was followed with regard to the Kb* 
pictures." "It is to be observed that in making the examina^n 
of the Carrington pictures, both observers were ignorant of the 
planetary configurations ; and that although with regard to tie 
Kew pictures one observer knew the corresponding planetary 
configurations, yet his judgment being checked by his fellow- 
observer, could not be biassed by any previooB speonlatire 
views."* 

80. The main concluaiona from these observations is thus 
expressed by the authors. "Legitimate Deduction — The beha- 
viour of spots is influenced by something from without, and 
from the nature of the spot behaviour the authors conclude 
that this influence travels faster than the earth; and finally, 
they find that the behaviour appears to be determined by iii/6 
position of Venus in such a manner, that a spot wanes as it 
approaches this planet by rotation, and, on the other hand, 
breaks out and increases as it recedes from the neighbourhood 
of the planet, reaching its maximum on the opposite side." 

81. Upon inspecting the table which is included in this 
paper, I find that where Venus and Jupiter are opposed to we 
another the spots are described "uncertain behaviour," and itii 
quite evident from all the facts that the Kew inveatigatiom do 
not contradict the conclusions of Mr. Carrington respecting the 
infl,uence of Jupiter, but merely add to it that of Venus. This 
struggle between the proximity of Venus and the magnitude (rf 

• Froceedingt of the Royal Soeietg, FBbniarr 2nd, 1865. 
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Jupiter is quite iii accordance with ray view of tlie action of 
planetary gravitation. The pretiominant influence of Venus is 
to be noted in connection with what I have said (75) respecting 
her variable gravitation on different parts of the bud, 

82. In order to bring these investigations fully and directly 
to bear upon my viewSj the behaviour of the spots should not 
he compared with the positions of merely one or two of the 
planets, hut the general resultant of the total planetary gravi- 
tation should be represented in direction and quantity, and this 
compared with the position, behaviour, and abundance of the 
spots. Such a comparison would serve as a fair experimentum 
cruets by which this hypothesis may be tested. 

83. I regret extremely that I have not within reach the 
means of making such a comparison myself. To a professional 
astronomer, with all the necessary records and skilled assistants 
at his disposal, the calculations required might readily be made, 
and the comparisons instituted by reference to Carrington's 
plates and tables of daily observations, and the Kew pictures. 
It would also be extremely interesting to go back to those 
curious records of darkening of the sun and of spots seen before 
the invention of the telescope, which are referred to by Sir J. 
Herschel in his Outlines of Astronomy, art. 394 a, and to 
compare the positions of all the planets at these dates with their 
positions at spotless epochs, such as 1856 ; and to make similar 
comparisons with the more recently observed solar outbreaks of 
unusual magnitude. 

84. In the meantime I may fairly claim the observations 
already referred to as confirming my explanation as far as they 
go. The mean gravitation of Jupiter upon the sun is about 
thirteen times that of the earth; that of Venus about two and 
a half times, aud that of Saturn a little above equal. The gravi- 
tation upon the sun of either of the other planets is considerably 
less than that of the earth. It will thus be seen that the three 
planets which ought, according to my theory, have the greatest 
effect on the spots, are just those whose action has been ob- 
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served to influence them, though the. observers appear to haye 
had no idea that the influence is simply that of gravitation, but 
have looked for more recondite and obscure speculative forces 
to accoimt for it : such as comparing the approach of two hea- 
venly bodies to the light-producing action of the approach of 
atoms ; or that- it may be ^^ merely that arrangement by means 
of which the visible motion of bodies is converted into light 
and heat, which we know from Professor Thompson are the 
ultimate forms to which all motion tends /^* 

85. Mr. Grove, in his Inaugural Address to the British 
Association at its Nottingham Meeting, 1866, propounded the 
following questions. He said, '^Our sun, our earth, and planets 
are constantly radiating heat into space; so in all probability 
are the other sims, the stars, and their attendant planets. What 
becomes of the heat thus radiated into space ? If the universe 
has no limit, — and it is difficult to conceive one, — there is a 
constant evolution of heat and light; and yet more is given 
ofi^ than is received by each cosmical body, for otherwise night 
would be as light and as warm as day. What becomes of the 
enormous force thus apparently non-recurrent in the same form ? 
Does it return as palpable motion ? Does it move, or contribute 
to move, suns and planets ? and can it be conceived as a force 
similar to that which Newton speculated on as universally 
repulsive, and capable of being substituted for universal attrac- 
tion ? We are in no position at present to answer such ques- 
tions as these : but I know of no problem in celestial dynamics 
more deeply interesting than this, and we may be no further 
removed from its solution than the predecessors of Newton 
were from the simple dynamic relation of matter to matter, 
which that potent intellect detected and demonstrated.^' 

86. I think I may now venture to answer these questions. 



* Mr. Balfour Stewart " On the large sun-spot period of about fifty-six years." 
A paper communicated to the Astronomical Society and quoted in The Reader, 
vol. iv., p. 77. 
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having shown that the heat thus radiated into space is received 
by the general atmospheric medium ; is gathered again by the 
breathing of wandering suns, who inspire as they advance the 
breath of universal heat and light and life; then by impact, 
compression, and radiation, they concentrate and redistribute 
its vitalizing power ; and after its work is done, expire it in the 
broad wake of their retreat, leaving a track of cool exhausted 
ether — the ash-pits of the solar furnaces — to re-absorb the 
general radiations, and thus maintain the eternal round of life. 



CHAPTER VII. 



THE QUANTITY OF SOLAS LIGHT. 

ACTUAL AND THEOBBTICAL INTENSITY OF 80LAB LIGHT AND HEAT— OTHEB 
COMBUSTIBLE GASES DIFFUSED WITH THE HYDBOGEN AND CABBONIC 
OXIDE OF THE SOLAB ATMOSI^HEBE — METALLIC VAP0UB8 IN THE 80LAB 
ATMOSPHEBE — COMBUSTION OF METALLIC VAP0UB8 IN THE PH0T08PHEEB 
— SIB JOHN HEBSCHEL'S ESTIMATE OF THE SOLAB SPLENDOUB — DIFFI- 
CULTY OF EXPLAINING THIS DEGBEE OF INTBIN8IC SPLENDOUB — TBAN8- 
PABENCY OF FLAME EXAMINED — BADIATION OF ONE FLAME THBOUGH 
ANOTHEB— RADIATIONS FBOM A TBIPLE FLAME— BADIATI0N8 FBOM FTVB 
FLAMES— LUMINOSITY OF COMPOUND FLAMES — DEM0N8TBATI0N OF THl 
TBANSPABENCY OF A COMMON GAS FLAME— COMPABATIYE AMOUNT OF 
LIGHT BADIATED FBOM THE FACE AND EDGE OF A BAT'S-WING BUBNEB 
— CONCLUSIONS FBOM PHOTOMETBIC EXPEBIMENTS — THE LUMINOUS 
BADIATIONS FBOM ONE FLAME ABE NOT AB80BBED IN PASSING THBOUGH 
ANOTHEB FLAME OF THE SAME KIND, BUT ABE FBEELY TBANSMITTED 
— THE DIFFEBENCE BETWEEN QUANTITY AND INTENSITY OF LIGHT — 
THE ILLUMINATION OF THE BETINA — THE BUDE LIGHT AND LIME LIGHT 
COMPABBD — TBANSPABENCY OF FLAME EXPLAINS THE GBEAT LUMINO- 
SITY OF THE SUN — THE INTBINSIC SPLENDOUB OF THE SUN MAY BE 
YEBY MODEBATE— THE SUBFACE OF THE MOON BBIGHTEB THAN THE 
8UBFACE OF THE SUN. 

86. A VERY serious diflficulty will probably have suggested it- 
self to the reader of the previous chapters, viz., that the intensity 
of the light and heat of the sun, as usually stated, is vastly 
greater, surface for surface, than that which we obtain experi- 
mentally by the combustion of the elements of water, A little 
further examination of the necessary conditions of the supposed 
solar combustion will remove this difficulty. It will be con- 
venient to take the light first. 

87. I must explain at the outset, that though I have hitherto 



THE QUANTITY OF SOLAR LIGHT. 61 

spoken of the dissociated oxygen and hydrogen almost excla- 
sively as the factors of the photosphere, I do not for a moment 
suppose that these gases can exist in anything like a state of 
purity in the solar atmosphere. The high temperature which 
effects the dissociation of water at the great pressure of the 
lower atmospheric regions of the sun, must also volatilize all 
the volatile materials on the surface of the solar nucleus, and 
the vapours of these must be disseminated throughout the solar 
atmosphere in accordance with the laws of gaseous diffusion. 

88. Supposing the chemical elements of the body of the 
sun to be similar to those of the earth, we must expect to find 
the sodium, magnesium, calcium, and potassium of our sea water 
existing in the gaseous state diffused through the dissociated 
gases and vapours of the solar ocean, instead of dissolved in 
liquid water. The spectroscope has found them there accord- 
ingly. Besides these, we ought to find all those metals which 
are abundant on the earth's crust, and volatile at the tempera- 
ture of melted platinum. With two or three exceptions all auch 
metals have been detected in the solar envelope.* 

89. Now the vapours of these substances (dissociated as 
they would be from oxygen), when thus diffused among the 
elements of water and burning with them, would give an in- 
tense luminosity to the flame of the photosphere. This, as 



* Iron ia not usually regarded as a. volatile motal ; and its abundance in the 
golar atmoHplierB may fcberefore be a matter of surprise to tliose who arc only 
acquainted with this metal through books and laboratory experiments. My daily 
avocation, however, enables me to bear ttatimony to its volatility when sufficiently 
heated. Clouds of hrick-red smoke, composed mainly of oxide of iron, are poured 
forth daily from the Bessemer Department of the worka where I am employed 
(Sir John Brown aud Co., Sheffield). I have seen this iron smoke rjuite un- 
mixed with carbon — sufBcientty dense 1« hide the mid-day sun. This rod iron 
smoke is the most abundant when there is muoh silicon in the pig, and I suspect 
that it contains a considerable quantity of mlicate of the oiido of iron, aa this 
dlicate appears to be more volatile than either metallic iron or its oxide. Silioioua 
iron ores, such as exist so abundantly in the oruat of our earth, would thui very 
raadUr supply the iron vapours which the apeotroBoopa detects in the sc 
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Dr. Frankland has recently shown^ would be especially the case 
under high pressures and high temperatures. The luminosity 
of such metallic vapours burning in oxy-hydrogen gas, would 
far exceed that of our ordinary hydro-carbon flames, and would 
probably approximate to that of the lime-light, or that obtained 
from the combustion of magnesium. 

90. But Sir John Herschel {Familiar Lectures, page 66) 
tells us " that the most intense lights we can produce artificially 
are as nothing compared surface for surface with the sun -/' 
and then comparing the light of the sun with the lime light, 
he says that '' the brightness, the intrinsic splendour of the 
surface of such a lime ball is only one 146th part of that of 
the sim^s surface/' He then proceeds as follows, '^ That is to 
say, the sun gives out as much light as 146 balls of quicklime, 
each of the size of the sun, and each heated all over its surface 
in the way I have described.'^ These quotations are from the 
words addressed to popular readers, but Sir John Herschell is 
not one of those who sacrifice accuracy to popular illustration ; 
and therefore I may take them as expressing what some of our 
greatest philosophers understand in reference to this subject. 
It will be seen from them that 146 suns of lime-ball lumi- 
nosity, and one sun with a surface of 146 times the luminous 
intensity of the lime-ball, are regarded as synonymous. If we 
only consider the efl'ect produced by the sum of their radia- 
tions, doubtless they would be equivalent ; but in looking for 
the means by which such efl'ect is produced, a very serious 
difference is presented. 

91. We may easily illuminate a large hall by means of 146 
lime-balls, but to concentrate on the surface of one lime-ball 
of the same size 146 times the amount of intrinsic splendour, 
is enormously beyond the reach of all known physical powers. 
In like manner, to suppose that every portion of the sun's 
surface has this degree of brilliancy is to assume the existence 
of what is, according to all terrestrial experience, a super- 
natural luminosity. Of course I do not presume to say that it 
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is tlierefore impossible, but I do maintain tbat before stepping 
ao far beyond the limits of all experience, we should look very 
aearchingly for an explanation more consistent with what we 
know of the order of nature. 

92. This is not difficult to find in the properties .of a 
common gaa flame. Such a flame is nearly, if not wholly, 
transparent to its own light, so that the effective radiation of a 
flame of given area is proportionate to its thickness. This is a 
most important principle, quite familiar to gaa engineers, but 
scarcely recognized and certainly not properly appreciated in 
our philosophical treatises. Being unable to find any record 
of reliable experiments directed to the determination of this 
question, I have availed myself of the kind assistance of my 
friend, Mr. Jonathan Wilkinson, of Grimeathorpe, the Official 
Gas Examiner to the Sheffield Corporation, who kindly placed at 
my disposal his apparatus, — a Bunsen's photometer of the best 
construction, with 100- inch graduated bar, erected in a 
chamber with blackened walls, and provided with pressure 
guages, experimental meters, etc., etc. 

93. A fish-tail burner with a measured supply of gas was 
lighted at one end of the photometer, and used as our standard 
in preference to the wax-candle unit, which is very variable. 
At the opposite end of the scale a single burner of the same 
kind was lighted, and regulated until its light exactly balanced 
the first, with the screen midway. A second burner of the 
same kind was now lighted behind this, with a space of about 
a J of an inch clear between the flames ; this twin arrangement 
was moved until the two burners were equidistant on each side 
of the place previously occupied by the one burner. The 
quantity of gas supplied to these two burners was now regu- 
lated to exactly double that consumed by the one burner, and 
the photometer screen moved till the light of these two burners 
(the radiations from one of which had to pass entirely through 
the other on their way to the screen) was balanced by the 
standard burner. It Is obvious from this arrangement that if 
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the flame nearest to the screen was at all opaque to the radi^ 
tions of the light behind it, the photometer would meaaure lesa 
than double the illumination due to the single burner. I was 
surprised to find that it registered more than double. The 
experiment was repeated with the same result, the average 
indication being that the two burners gave 2'15 times the light 
of one. 

94. A third burner of the same kind was nest lighted, and 
this triplet arrangement of fisb-tail flames so adjusted that the 
middle burner occupied the place of the single burner in the 
first experiment, and the face of only one burner was presented 
to tlie photometer, bo that the light from the hindmost burner 
had to jiass through two flames, that of the middle burner and 
that facing the screen : while the light from the middle burner 
had to pass through one flame. On regulating the supply of 
gas to three times the consumption of the single burner, we 
fouud that the light received by the screen was 3'2 times 
greater than from the single burner. 

95. The second aeries of experiments was with a fixed row 
of five simple jets, issuing from single round holes. These 
were arranged in line so that only one of the end jets faced the 
photometer screen, and all the radiations from the others must 
pass through it to reach the screen. The middle jet was first 
lighted and adjusted to balance a standard jet of the same 
kind. Then three jets — the middle jet and one on each side — 
were lighted, and the supply adjusted to three times the 
quantity of gas consumed by one jet. The screen now regis- 
tered 3'25 times the amount of Ught received from one jet. 
When to these three were added the outside jets, making five 
jets, and the consumption of gas was five times as much as one 
jet, the photometer indicated 5'35 times as much light as &om 
the single jet. The above figures are the mean of several 
experiments with these simple jets, which gave very variable 
results. The lower the flames the greater was tlie proportionate 

upon increasing the number of jets, and when the one. 
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^^^, and five jets were turned up so high as to produce a 
^^pewhat smoky flame, there was no increase, the light then 
^med in nearly the same rates as the number of burners and 
supply of gas. A similar difference was observable as regards 
the length of the flames. A short flame, white only half way 
down, was elongated in its white portion by the proximity of 
other flames ; i. e., three such flames burning three measures of 
gas were each longer and whiter than a single flame burning 
one measure ; but if the flame was in the first instance turned 
up to its full height, no such elongation occurred. 

96. A third series of experiments was made with a long 
row of simple jets from round holes. These holes were about 
a i-inch apart, so that the flames touched each other, and 
formed one flat sheet of flame when combined. A single jet 
was first lighted, regulated to about 1^ inches long, and the con- 
sumption of gas noted. Then three, five, and seven and more 
jets were lighted and supplied with three, five, and seveQ, etc., 
times the quantity of gas. The first thing remarked in this 
experiment was the surprising development of length of each 
jet when thus lighted together and thus supplied. "While 
the flame of the single jet was but 1^ inches high, the broad 
flame of the combination of jets reached to nearly double this 
height with the same quantity of gas supplied to each jet as to 
the one singly ; the height was very irregular, and the com- 
bustion appeared to be less' perfect, but more favourable to 
luminosity. The photometer confirmed this very remarkably ; 
so much so as to open quite another question, viz., the philo- 
sophy of the Argand, fish-tail, and other compound bui-ners, 
which produce so very much more light with a given quantity 
of gas than would the jets of which they are composed, if 
burning separately. The results we obtained were very 
interesting, but require many repetitions and modifications to 
render them worthy of publication. To have made these 
would have carried me away from the object upon which I am 
engaged, and delayed the publication of this Essay ; therefore 



I proceeded no further, but hope that Mr. Wilkinson and liis 
son will continue them, and publish tbeir reaulta. 

97. In order to eliminate from the question of the trans- 
parency of flame the interference which, in the above described 
experiments, was due to the mutual action of one flame upon 
another, I made the following experiment, which so far as it 
goes is, I think, satisfactory and conclusive. I took a combi- 
nation of five simple round jets arranged in line, and about 
one inch apart ; each jet provided with an independent tap, and 
the whole row of jets turning upon an asis under the middle 
jet. These were regulated so that when all were burning the 
length of each jet should be equal to that of its neighbouiB, 
and the tops of the flames, if connected, form a straight line. 
This row of jets was then turned at right angles to the sm 
of the photometer bar, so that all five jets were presented to 
the screen. Their light was then balanced by the standard 
humcr. The line of jets was next turned, so that instead of 
five jets being presented to the photometer screen, only one 
was presented, and the radiations from all the other buraeta 
must pass through this one on their way to the screen. Tie 
photometer indicated exactly the same quantity of light as what 
all the five jets were directly presented. The experiment was 
continually repeated, Mr. Wilkinson, his son, and myself dter- 
nately watching the photometer screen, while another was turaing 
the row of jets ; the screen observer not seeing which way the jets 
were arranged. Sometimes we imagined that there was a slight 
difference in favour of the broad-side presentation of the jets, 
but on attempting to determine the position of the jets by watch- 
ing the screen when they were turned, we were as often wrong 
as right in our guesses based upon the supposed increase of light. 

98. When, however, the height of the jets was irregular 
there was a decided difference in favour of the arrangement 
which presented all the jets to the screen. This is easily ex- 
plained by the fact, that in such a case the portions of flame 
rising above the level of the other jets must radiate their light 
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across tie vapours formed by the combustion of these lower 
flames, and sucli vapours would of course absorb a portion of 
this light. Mr. Joseph Wilkinson had previously observed that 
a bat's-wing burner, if presented edge-wise to the photometer 
screen, radiated to it a little less light than when its flat broad 
surface was presented. The bat's-wing burner is very irregular 
in its upper outline, and its edges are much thicker than the 
middle portions ; so that the distant projecting portions of the 
upper parts of the fiame, and of the distant edge, would have to 
radiate through the upper stratum of vapour, and that rising 
along the face of the Hame respectively. 

The loss of light due to this amounted to about 1 J per cent, 
upon the bat's-wing burner with which I repeated the experi- 
ments. In like manner, when the sheet of flame formed by the 
union of seventeen small jets was turned so as to alternately 
present its edge and face to the photometer, there was about 
this degree of loss of light with the edge presentation. This 
flame was very irregular in height, and all the jets being fed by 
the same tap we could not separately regulate them. 

99. From these experiments I conclude, Mrsi, That under 
aome eircurastanees an increased body of flame is favourable to 
increased intrinsic brilliancy of the whole of the flame, as in the 
case of a continuous flame formed by the union of a number of 
small jets ; but this I attribute merely to the fact that the gas is 
thtis caused to burn under conditions more favourable to lumi- 
nosity, or to the conversion of obscure heat rays into luminous 
rays of shorter wave periods. This conversion takes place most 
remarkably when a number of small jets, burning with excessive 
supply of oxygen, are united, and the supply of oxygen is thereby 
reduced to the minimum quantity necessary for combustion. 
The maximum amount of light — under a given pressure — is 
obtained from a hydro-carbon flame when it is supplied with 
such a minimum of heated oxygen, the greater portion of which 
can only reach it after combustion has commenced and the 
gases arc thereby highly heated. 
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Secondly, That a hydro-carbon flame burning under giTen 
conditions is nearly, if not absolutely, transparent to its own 
radiations; that its luminosity increases with its depth or 
thickness; or in other words, its effective luminous radiation 
varies with the cubic quantity of its flaming matter, and 
not merely with its superficial area; and that this effect is 
not accompanied with any increased brilliancy or intensity, 
but is merely due to cumulative radiations producii^ 
effectB corresponding to the aura total of their concurrent 
energies. 

100. If we assume that the mutual radiations of different 
flames or of different strata of the same flame upon each other 
produce any increased intensity or intrinsic splendour of por- 
tions of the flame itself, we are carried into a very curious 
dilemma. This will be perceived by supposing that in the case 
of the three flames radiating through each other, the end flame 
presented to the photometer had radiated three times its own 
quantity of light in consequence of acquiring that degree of 
increased brilliancy from the other flames. If this were the 
case with the flame on one side it must also he the ease with 
the one at the opposite side, and if with these two, it must he 
also the case with the middle flame exposed to a battery of rays 
from both sides. Thus each flame would be three times M 
brilliant, and the three should radiate nine times as much light as 
one flame. But this is not all, for with this threefold brilliancy 
of each flame a further threefold augmentation must recom- 
mence, and each flame would now he nine times as bright as 
at first; then these flames of ninefold hrilliaucy would go on 
illuminating each other or increasing each other's intensity in 
ninefold further degree, and so on to infinity, or until the three 
little gas hghts had dazzled us all to death. The same reason- 
ing applies, and the same absurdity follows, if we assume even 
the smallest degree of mutual intensification of brilliancy from 
this mutual radiation between fiames. We must therefore con- 
clude that the increased luminosity due to increased thickness 
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or repetitions of strata of Same is a result of traLsparency of the 
flame to its own radiations, and not to any absorption producing 
increased brilliancy or intensity of any portion of the flame.* 

101. When, however, the radiations are received upon an 
opaque reflecting screen the case is quite different. The in- 
creased illiunination of the opaque surface, which is produced 
by the radiations from each additional layer of flame, is due to 
increased intrinsic brilliancy of that surface. We are thus 
presented witli a very intelligible and instructive distinction 
between quantity and intensity. The quantity of light radiated 
&om the three flames is three times greater than from the 
single flame, while the intensity of each flame remains the 
same. When however the light from all three is received upon 
an opaque reflecting screen, the resnlt of this increased quantity 
is only manifested there by increased intensity; the illumination 
of the screen being necessarily superficial. If the screen were 

* The term " incandescent gas " is aometimes used in a manner that leads to 
considerable oonfusion by its ambiguous applicability either to flame proper, or 
merely to gas and vapours intensely heated. The above eiperiments go to show 
that the properties of a flame are the opposite of those of heated gases in refer- 
ence to the absorption and transmission of their own quality of light. The 
heated or incandescent gases absorb the peculiar quality of light which they are 
capable of radiating, and convert it into heat. This has been attributed to their 
power of assuming a synchronous atomic vibration, but I think it better 
explained by supposing that they have a power of resistance which changes these 
partioular undulations into waves of greater amptitude and longer period; — 
from the luminous to the caloriflc. 

This important diflferenoe between flame and incandescent gases is, I think, 
worthy of further investigation, and with other considerations may justify the 
conclusion Uiat flame should be classed as aoother and distinct conditioa of 
matter, in addition to those of the solid, liquid, and gaseous forms. If this be 
admitted we shall revert to the classiQcation of the ancients ; to the four ele- 
ments of '"fire, air, earth and water." Although they used the term " element," 
their meaniog was quite difibrent fW)m that of our modern acceptation of the 
word. It was not elementary consHivsni, but elementary or necessary conditisn, 
or state of existence which they intended to describe by the tenn elemeot. 
Their methods of study were directed to the necessary and logical, rather than tha 
Botoal and observable, properties of matter. ^^^ 
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partially transparent^ so that the radiations received could 
penetrate some depth and illuminate a measurable thickness, 
it would, surface for surface, have less intensity of illumina- 
tion, or intrinsic splendour; but this would be compensated bj 
the increased quantity of illumination due to the illuminatec 
thickness. Quantity and intensity of light are thus exchange 
able; a given amount of luminous force may be manifestei 
either in one form or the other. 

102. The retina of the human eye being an extremely thii 
film of nervous matter spread upon a nearly opaque screei 
can obtain only increased intensity of illumination from in 

' creased quantity of light; thus the visible splendour of 

distant object such as the sun is the same whether its lumi 
nosity is due to quantity or to intensity of light. The coi 
voluted retina of the eagle, etc., may possibly act somewhi 
differently. 

103. The '' Bude Light,'' consisting of a number of coi 
secutive hollow cylinders of gas flame, with all the innc 
cylinders radiating through those exterior to them, produces 
high degree of illumination by the quantity of its light. Tl 
small opaque lime-ball may give an equal illumination by tl 
intensity of its light, i. e., by the " intrinsic splendour " of i 
surface.* 

104. I have dwelt thus much upon the above, as it has 
most important, indeed a vital bearing upon my hypothesi 
If called upon to account for the astounding luminous intensi^ 
which has been attributed to the visible surface of the sun, 

* The transparency of the white and luminous hydro-carbon flame 'strong 
supports the conclusions of Dr. Frankland, who has recently laid violent hai 
upon one of the landmarks of science by queetioning the theory of I 
Humphrey Davy, which ascribes the luminosity of flame to incandescent so 
particles. If the white portion of the flame consisted of such particles of sc 
carbon, so closely packed together as to appear continuous, they must by th 
opacity intercept, a large amount of light, and no approach to transparei 
would be possible. 



THE QUANTITY OP SOLiU LIGHT. 71 

should utterly fail ; but when it is understood that a flame may 
transmit freely the light of other flaming matter like itself, 
■without Buffering any disturhance of its own radiation, and that 
these radiations may be cumulatively received by distant bodies 
in such a manner that increased thickness of flame may pro- 
duce effects corresponding to increased brilliancy, the whole 
difficulty vanishes, and nothing more is required to explain the 
immensity of the solar luminosity than a photosphere of vulgar 
hydrogen flame of sufficient depth, differing only from our 
common gas or candle flame in being highly charged with 
gaseous metals, instead of gaseous hydro -carbons. If my ex- 
planation of the origin and composition of the photosphere is 
correct, its depth must be measurable in miles, and being sup- 
ped, not by superficial osygen, as our ordinary flames, but by 
oxygen intermingled throughout, the original dissociated oxygen 
ie exactly sufficient to supply the hydrogen, the additional free 
oxygen of the mixed nitrogen and oxygen heing there to supply 
any further demand of the metallic vapours. The depth of the 
flaming photosphere must therefore be limited only by the pos- 
sibilities of radiation. 

105. Thus the difficulty presented by the comparatively low 
intensity of the theoretical source of solar light is removed by 
the effective radiation due to its quantity. We may conceive the 
photosphere as subdivided into any number of films or laminie 
of the smallest appreciable thickness, and if the total effective ' 
radiation is equal to the sum of the radiations of these films, 
the smallest conceivable amount of intrinsic brillianey of each 
plm may radiate the greatest conceivable amount of light, pro- 
vided the number of such layers he sufficiently multiplied. All 
that is necessary for the complete fulfilment of these conditions 
is perfect transparency of the flame to its own radiations. I 
have shown that a common gas flame has a high degree of such 
transparency, but further and more elaborate experiments upon 
much greater thicknesses of flame arc necessary in order to 
determine the limits of this transparency, if it be not perfect. 
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106. In spite of the apparent paradox^ I do not hesitate to 
express my belief that ^^ surface for surface/' '^ the brightness, 
the intrinsic splendour*' of the bright face of the moon is far 
greater than that of the sun. We know that it is composed of 
solid and nearly opaque matter, and that such matter can 
radiate only from a superficial film of merely nominal thickness 
(if it were perfectly opaque it could radiate only from a surface 
having no thickness). The light radiated from the moon is 
calculated at ^ 6 6 . ^0 6 P^^** o^ ^^^ from the sim. Let us sup- 
pose that the material of the moon's surface has such a degree 
of translucency that the light of the sun may penetrate to a 
depth of t ^^^ of an inch, and so illuminate it that all this 
thickness is concerned in reflecting the light which reaches the 
earth. Let us now suppose that we have a flame perfectly 
transparent to its own light, and of such brilliancy that a film 
or sheet , ^ '^ ^ ^ of an inch in thickness shoidd, surface for 
surface, radiate as much light as the moon ; it is obvious that 
we should only require to give a thickness of 80 inches to such 
a flame in order to obtain from it the full glare of sun light. 
No flame with which we are acquainted possesses anything 
approaching to this degree of intrinsic splendour. Thus, if my 
views are correct, the surface of the moon must be brighter 
than the surface of the sun ; and the peculiarities of moonlight 
are mainly due to great intensity and relatively small quantity 
of light, while those of sunlight are produced by immense 
quantity with comparatively moderate intensity. 
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THE QUANTITY OF THE SOLAR HEAT. 

BIFFBBENT WAYS OF STATING THE ESTIMATES OF THE SUN'S HEAT — SADIA« 
TION FfiOH ATHEBHOUS AND DTATHSBHOUS BODIES — PBELIMINABT 
KXPEBIMEKTS ON THE DIATHEBMACT OF COMMON GAS FLAMES — 
FITBTHEB EXFEBIMENTS ON THE DIATHEBMACT OF COMMON GAS FLAMES 
— CONCLUSIONS FBOM THESE EXPEEIMENT8 — THEOBETICAL BBASONS 
FOB CONCLUDING THAT ALL FLAMES ABE DIATHEBMOUS TO THEIB OWN 
BADIATIONS — EFFECTS OF ATHEBMACY ON THE CONSTITUTION OF A 
FLAME — THE BESSEMEB FLAME — THE PBINCIPLB OF SIB JOHN HEB- 
SGHEL'S and OTHEB calculations of SOLAB TBMPEBATUBE — A VEBY 
HIGH SOLAB TBMPEBATUBE NOT BEQUIBED TO EXPLAIN THE SOLAB 
BADIATIONS — ^A SOLAB TBMPEBATUBE EQUAL TO THAT OF BUBNING 
HYDBOGEN IS QUITE SUFFICIENT TO EXPLAIN ALL THE EFFECTS OF 
SOLAB BADIATION — SIB JOHN HEBSCHEL ON "THE BEDUPLICATION OF 
SHEETS OF flame" — SIB JOHN HEBSCHEL ON THE IMPOSSIBILITY OF 
COMBUSTION IN THE SUN — THE MOBAL INFLUENCE OF THE STUDY OF 
PUBB TBUTH. 

107. According to my hypotheses the temperature of the 
visible solar surface or photosphere cannot exceed that of the 
dissociation of water at a moderate pressure. This is so very 
much lower than the temperature which has been determined 
by some calculations^ that it presents the same apparent diffi- 
culty as that already discussed in reference to the solar lumi- 
nosity. Sir John Herschel estimates ^^ the temperature^ that is 
to say, the degree or intensity of the heat at the actual surface 
of the sun," as '^ more than 90,000 times greater than the 
intensity of sunshine here on our globe at noon and under the 
equator/' Otherwise, that the heat radiated from every square 
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yard of the sun^s surface is equal to that which would he pro- 
duced by the burning of six tons of coal per hour. Poillet 
expresses the results of his experiments and calculations by de- 
scribing the heat of the sun as sufficient to melt in one minute 
a layer of ice 11*80 metres thickness; or in one day, 16,992 
metres or 4 J leagues .''*■ It has been further represented as 
capable of boiling 700,000 millions of cubic feet of ice-cold 
water per hour. Here, as will be at once perceived, we have 
two distinct methods of representing the amount of solar heat; 
the first by intensity of temperature, the second by quantity of 
work done, 

108. If the sun is an athermous solid body, radiating 
only from its actual mathematical surface, nothing short of 
^^ the temperature, that is to say, the degree or intensity of the 
heat at the actual surface of the sun,** stated by Sir John 
Herschel, will explain the thermal effect of his radiations. 
A surface temperature exceeding 13,000,000° Fahr. wiU be 
required under these conditions. If, on the other hand, the 
radiating matter is wholly or partially diathermous to its own 
special quality of heat, the necessity for anything like such a 
temperature is at once removed. All that I have stated in 
reference to solar light will then apply with equal force to the 
thermal radiations. A question exactly analogous to that 
which I have already discussed in reference to the transparency 
of flame is thus opened, viz., Whether increasing the thickness 
of a flame of given temperature increases its effective thermal 
radiations ? My own experience in the working of furnaces 
generally, and more especially of reverberatory furnaces, where 
the effective heating agent is a body of flame, convinces me that 
such is the case ; but as such conviction is not readily transfer- 
able to those who have not had similar experience, I have made 
the following simple experiments. 

109. A laboratory thermometer with graduated stem, such 

* Elements de Fh^sique, tome ii., p. 716. 
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as coTnmonly used for fractional distillations, etc., was fitted 
transversely by means of a cork in a tube of long oval section, 
this shape being selected as nearly corresponding to that of a 
aimple gas jet. The tube was polished inside and outside, 
stopped at the end near which the thermometer was placed, and 
open at the other end; the bulb of the thermometer was 
slightly blackened by holding it iu a candle dame. The dis- 
tance from the bulb of the thermometer to the open mouth of 
the tube was 4 inches. Some preliminary experiments were 
roughly made with one Bunsen burner, placed opposite the 
mouth of the tube, and then when the thermometer had ceased 
rising, another burner of the same kind was placed behind the 
first ; this produced a further rise ; then a third was placed 
behind this, and a still fiirther rise took place. A similar 
experiment was made with the three fish-tail burners described 
in see. 94, and with the arrangement of five jets, described 
in sec. 95. In all these trials it was found that the rise of 
temperature was, as nearly aa the rough apparatOB could 
measure, proportional to the quautity of gas consumed, and 
that combining several jets into one flame produced no increase in 
the proportional amount of heat radiations, aa was the case with 
the light. That is to say, two or more jets consuming a given 
quautity of gas, radiated the same amount of heat whether 
their flames touched each other or burned at a short distance 
apart ; but this was not the case with their luminous radiations, 
which were very much increased immediately the two or more 
flames, well supplied with air, came in contact. 

110. This being the case I was able to tise a tube pierced 
with a row of seventeen holes, J inch apart, which when 
charged with gas gave jets which united to form one flat sheet 
of flame. The thermometer in its reflecting tube was placed so 
that the bulb was six inches distant from the outer jet. The 
plug of the middle jet was first withdrawn, and the ther- 
mometer allowed to rise until it became stationary. It regis- 
tered 19° Centigrade. Then a jet on each side of this middle 
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jet was lighted, and the consumption regulated to an additional 
0*5 of a cubic foot per hour for these two jets. The ther- 
mometer then rose to 23°. Two more jets, one on each side of 
the first three, were then lighted and regulated to the same 
additional consumption as the second and third ; these five jets 
raised the thermometer to 27° ; seven jets in like manner gave 
31°; nine jets 35^ ; and so on, as shown in the following table. 



Number of Jets. 

1 

3 

5 

7 

9 

11 
13 
15 
17 



It will be understood that in all these experiments the mean 
distance of the thermometer from the flame remained the same, 
as the extensions of the flame were equal on both sides of its 
centre. Three experiments were repeated with no perceptible 
variation. The higher rate of increase of temperature observ- 
able towards the end of the experiment was obviously due 
to the warming of the tube in which the thermometer was in- 
serted j and the small interval between the 9 and 11 jets was 
due to irregularity in the size of the jets, the nearer jet being 
smaller than the further one. The experiment when made 
with the five jets, each capable of separate regulation, gave 
remarkably consistent results. 

111. These crude experiments, though inadequate to deter- 
mine the very interesting and important question of whether 
a flame is absolutely diathermous to its own quality of heat, are 
sufficient for my present argument ; they show that to a very 



Consumption of Gas in 


Highest reading o 


cubic feet per 


hour. 


Thermometer. 


1-0 




19° Centigrade 


1-5 




23° 




20 




27° 




2-5 




31° 

• 




30 




35J° 




3-5 




39° 




4-0 




43J° 




4-5 




48° 




5-0 




53° 
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[great extent the quantity of effective thermal radiation of a 
flame is increased by increasing its thickness without any in- 
crease of intensity; — that practically a flame may be regarded 
as diathermous. My experiments simply indicate the absence 
of any degree of athermacy which a thermometer reading only 
to half a degree of centigrade ia capable of detecting. Having 
no delicate thermo-electric apparatus at my disposal, I do not 
attempt the philosophical solution of the question of absolute 
disthermacy, or in its absence tliat of the quantitative ather- 
macy of flame. 

112, Independent theoretical considerations, however, ap- 
pear to me strongly to support, if not to demonstrate, the 
assumption that all flames are absolutely diathermous to radia- 
tions of their own special quality and intensity. The theory of 
exchanges demands that it should be so. Tlie laws of dissocia- 
tion are equally imperative ; for if a flame absorbed any portion 
of the heat radiated by the adjacent portions of itself withont 
an exactly equivalent and simultaneous exchange of radiations, 
the temperature must be raised in proportion to the amount of 
such absorption. Such elevation of temperature would at once 
produce dissociation, and a suppression of further combustion, 
and thus the flame of the mixed gases could be only a hollow 
shell having a thickness proportionate to the degree of its 
di athermacy. 

113. To illustrate this, let us suppose such a flame to be 
capable of absorbing all the heat radiated towards it, and per- 
fectly athermous. In such a case only the absolute external 
surface of the flame could radiate outwards, as its external 
athermous film would shut back all radiations frcHn the interior, 
and the evolution of heat which is necessary for the main- 
tenance of combustion could only take place from the absolute 
surface of the gas, which would thus be a shell of flame having 
but an infinitesimal thickness. Any degree of diathcrmacy 
permitting radiation to take place from the interior, and across 
the flame, would increase the possible thickness of this shQll^ 
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proportionately to the extent of such possible radiation through 
it. Perfect diathermacy would confer the possibility of solidity 
to the flamCj provided the surrounding bodies were capable of 
receiving the sum of the radiations proceeding from every 
portion of its thickness. Now we know by familiar experiment 
that a solid flame is readily obtainable by the combustion of the 
elements of water. This fact is confirmatory of the diathermacy 
of flame^ and its power of cumulative thermal radiation. 

114. The same reasoning applies to the flame of carbonic 
oxide or of hydro-carbons^ in fact to all flames. The finest 
example we have of an artificial solid flame is that which roars 
from the mouth of a large Bessemer converter. The amount 
of light and heat radiated from this flame strikingly illustrates 
the effect of thickness. It is a dazzling object even in the 
midst of sunshine^ although its intrinsic splendour is but small; 
as may be seen by the thin waifs of flame that are blown aside 
from the main body. 

115. The principle upon which Sir John HerscheFs and 
other calculations of the temperature of the sun has been 
madcj is to ascertain the amount of heat which the solar radia- 
tions communicate to a solid body at the equator at noonday. 
TheUj after making allowances for atmospheric absorption, the 
area of a sphere having a radius equal to the earth^s distance 
from the sun is divided by the area of the solar surface, and 
the total terrestrial temperature produced by the solar radia- 
tions is multiplied by the quotient thus obtained. Now it is 
obvious that in such calculations, where the solar heat is ex- 
pressed in temperature or intensity , this temperature must be 
limited to the absolute surface of the sun, which must, there- 
fore, be regarded as absolutely athermous ; for if the slightest 
conceivable thickness is given to the radiant matter of the sun, 
the basis of these calculations is disturbed, and their results 
are altogether fallacious. 

116. This will be seen by following up the principle of such 
Qalculations. The area of a sphere having a radius of 91,678,000 
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miles is, in ronnd numbers, about 46,000 times greater than the 
area of the solar surface. If all the heat radiated to this 
greater sphere came from the absolute surface of the sun, the 
temperature of this surface must be 46,(KK) times higher than 
the total temperature eomm.unicated to this outer sphere. But 
for the sake of illustration, let us suppose that, iustcad of one 
athermoua radiating surface, the radiant matter of the sun 
consisted of 46,000 concentric layers, closely packed, each one 
perfectly diathermous, and nowise disturbing the radiations 
of those behind it, so that the total effective radiation should 
equal the sum of the radiations of all these layers. AVhat then 
must be the temperature of each of these layers ? Obviously 
the same as that of the surface of the outer sphere, i. e., the 
maximum equatorial terrestrial temperature. In the above, I 
have, for simplicity sake, omitted the absorption of the ehromo- 
sphere, etc. 

117. Keeping these principles in view, together with the 
fact that an ordinary gas flame possesses the degree of diather- 
macy and power of cumulative thermal radiation which my 
Bimpie experiments have rudely demonstrated, there is no further 
difficulty in accounting for all the known thermal effects of 
solar radiation upon the hypothesis that his visible and radiant 
surface consists of a photosphere of flaming gases of conaider- 
ahle depth, having a temperature not exceeding that which is 
produced by the combination of the elements of water. 

118. I have just met with the following sentence in a foot 
note to the tenth edition (1869) of Sir J. Herschel's Outlines 
of Astronomy (p. 261). "It would be a highly curious subject 
of experimental enquiry, how far a mere reduplication of sheets 
of flame, at a distance one behind the other (by which their 
light might be brought to any required intensity), would com- 
municate to the beat of the resulting compound ray t\ie pene- 
trating character which distinguishes the solar calorific rays.'' 
It is evident from the manner in which this important sug- 
gestion is dropped by the way, and has never been followed 
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upj* that Sir John Herschel had but little hope of its application 
to aid the solution of the solar mystery, for in the same note he 
suggests electricity and friction as more possible sources of 
solar light and heat than combustion, and in the paragraph to 
which the note is appended he says, '' The great mystery, how- 
ever, is to conceive how so enormous a conflagration (if such it 
be) can be kept up. Every discovery in chemical science here 
leaves us completely at a loss, or rather seems to remove 
fm*ther the prospect of probable explanation.'^ 

119. In his Familiar Lectures , published thirty-four years 
afber this note was written, he says, " The light and heat of 
the sun cannot possibly arise from the burning of fuel, so as to 
give out what we call flame. If it be the sun's substance that 
burns (I mean consumes), where is the oxygen to come from? 
and what is to become of the ashes and other products of com- 
bustion? Even supposing the oxygen supplied from the 
material, as in the cases of gunpowder, Bengal light, or gun 
cotton, still the chemical products have to be disposed of. In 
the case of gun cotton it has been calculated that if the sun 
were made of it so condensed as only to burn on the surface, it 
would bum out at the rate of the sun's expenditure of light 
and heat in 8,000 years. Anyhow, fire kept up by fuel and air 
is out of the question. There remain only three possible 
sources of them so far as we can perceive, — electricity, friction, 
and vital action." 

120. This is terribly contradictory to all I have been 
striving to establish in the preceding pages ; and if Sir John 
Herschel were a political debater, or a theological contro- 
versialist, I might expect very severe castigation for my pre- 
sumption : but fortunately for the human race, the men who 
have profoundly and faithfully devoted their lives to the study 
of pure science are so far raised by its moral influence as to 
stand exceptionally above the mists of prejudice and per- 

* It is quoted as a •* Note to the Edition of 1833." 
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sonalitv^ and thus their perception of truth is not obscured by 
the medium through which it is conveyed. Though offered by 
the humblest outside student, it is accepted by them as frankly, 
fairly, and courteously as though presented by the highest 
recognized authorities. The range of their intellectual vision 
is not limited by any deadening orthodoxy, nor stultified by 
blind conservatism ; and therefore if I am wrong, my errors 
will not be denounced as heresies, and thereby galvanized and 
martyrized into a mischievously protracted vitality; but they 
will be calmly refuted, and thus effectually annihilated. If my 
views are sound, the previous expression of different opinions 
will not prevent their free acceptance by Sir John Herschel, 
or any other true philosopher. This is why I have not burdened 
my pages with apologetic phrases whenever I have ventured to 
differ from high scientific authorities. 
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CHAPTER IX. 



THE GENEBAL PHENOMENA OF THE SUN-SPOTS. 

OTHEB CONSEQUENCES OP SOLAB AGITATION TO BE CONSIDEEED — THB 
STBATA OP THE SOLAB ENVELOPE — THB OBIGIN OP THB CHBOMOBPHBBB 
— THE SFHEBE OF ABSOBPTION — THE OBIGIN OF THB SUN-SPOTS— THB 
ACTUAL TELESCOPIC APPEABANCES OF THB SUN COBBBSPOND BXACTLI 
WITH THEOBETICAL ANTICIPATIONS— MOBILITY OF THB SOLAB SUBFACB 
LEVEL OF THE SPOTS AND THBIB BELATIONS TO THB PLANETS— VOE- 
TICOSE OBiaiN OF SUN-SPOTS — EXTBAVAGANT HYPOTHESES TO ACCOUirr 
FOB UMBBA AND PENUMBBA OF SPOTS — THE BODY OF THE SUN HAS 
NEVEB BEEN SEEN— A SOLID OB LIQUID SOLAB NUCLEUS SHOULD BB 
BBIGHT — THE SPECIFIC GBAVITY OF THB SUN CONTEADICTfi HYPOTHESIS 
OF A VISIBLE NUCLEUS — THE HEAT OF THE SUN MUST CONTINUE IN- 
CEEASING DOWNWAEDS TO HIS CENTEB — PEOBABLE DIMENSIONS OF 
THE SOLAB NUCLEUS— THE DEPTH OF THE SUN-SPOTS — THE UMBBA OF 
THE SUN-SPOTS— THE PENUMBBA AND THEOBETICAL APPEABANCES OF 
A TYPICAL SUN-SPOT — SOME OF THE NECES8ABY DEVIATIONS FEOM 
TYPICAL CONDITIONS— THE GENEBAL PHENOMENA OF THE UMBBA AND 
PENUMBBA ACCOBD WITH MY HYPOTHESES. 

121. It will now be interesting to follow out in farther 
detail some of the other necessary consequences of the furious 
agitation of the solar atmosphere, and the stirring up and 
mingling together of the strata of dissociated gases, flame and 
vapours, already described. In doing so, I think I shall be able 
to confirm the statement I have made in Chapter IV. (46) re- 
specting the harmony of the telescopic details of solar pheno- 
mena with my theoretical deductions. 

122. It must be remembered that, according to what I have 
stated, there should be three distinct and well defined strata in 
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the solar atmosphere. 1st. The lower ocean of dissociated 
gases^ whichj being restrained from active combustion by the 
separating force of excessive heat, must, if seen in contrast with 
the luminous photosphere, appear as a dark abyss of indeter- 
minable depth. 

2nd. A stratum of flame produced by the combustion of 
these gases at the elevation where diminished heat and external 
radiation renders their combination possible; — ^this stratum 
forming the photosphere, or visible surface of the sim, the 
brilliancy of which varies with its depth or thickness. 

3rd. An upper or outer atmospheric region charged with 
the vapours resulting from the combustion of the photosphere. 

123. This sphere of vapour demands some special considera- 
tion. From what I have already stated, it is clear that the 
vapour of water should be its chief constituent. It is also 
evident that this is by no means the only vapour that must be 
there, if the body of the sun is composed of any such materials 
as exist upon the earth. That it does contain such materials, 
is proved by recent spectroscopic investigations. The tempera- 
ture of 2,800° Cent, is sufiScient to volatilize iron, and most of 
the common metals; and the vapours of these metals should 
exist in accordance with the laws of gaseous diflFusion, amidst 
the separated hydrogen and oxygen, and, like the hydrogen, 
be dissociated from oxygen. They will therefore burn in the 
photosphere, and the vapours of their oxides will be mingled 
with the gaseous water that envelopes the photosphere. The 
more volatile metallic oxides, such as sodium, etc., will continue 
gaseous at perceptible distances from the surface of the photo- 
sphere, while the vapours of iron and most of the heavy metals 
must soon be precipitated in a state of discrete particles or 
cloudy matter. To those who are conversant with the recent 
progress of telescopic and spectroscopic investigations of the 
sun, I need scarcely say that such a stratum of aqueous vapour 
mingled with the vapours of the lighter metp' ^'ne: in 

suspension other precipitated cloud^ 



84 THE FUEL OF THE SUN. 

ft 

corresponds to that observed envelope of the photosphere which 
Mr. Lockyer has named the " chromosphere/' As I shall show 
more fully hereafter^ the quantity of discrete vaporous oxides 
of refractory metals existing in the chromosphere^ must he 
greatly augmented by the irruptions known as the " solar pro- 
minences/' 

124. It will be imderstood that, immediately overlying the 
photosphere, there must be a stratum so highly heated as to 
retain even the less volatile metals, or their oxides, in a truly 
gaseous state. This will be the region of absorption to which 
most of the black bands of the solar spectrum are due. The 
depth of this absorption sphere will vary for each substance, ac- 
cording to the temperature at which its vapour begins to con- 
dense. It will be in such direct contact with the photosphere, 
and so intermingled by agitation and the different combining 
temperatures of the different substances, that it must, to the 
observer, be practically undistinguishable from the photosphere. 

125. From what I have stated respecting the planetary dis- 
turbances of the solar rotation, the photosphere, or visible surface 
of the Sim, must present all the appearances due to the move- 
ments of a fiery ocean raging and seething in the maddest con- 
ceivable fury of perpetual tempest. If the surface of a river 
flowing peacefully between its banks is perforated with conical 
eddies whenever it meets a projecting rock, or any other obstacle 
or agency that disturbs the regularity of its course, what must 
be the magnitude of the eddies in this ocean of flame and heated 
gases, when stirred to the lowest depths of its vast profundity 
by the irregular reeling of the solar nucleus within ? Obviously 
nothing less than the sun-spots; — those mighty maelstroms 
into which a world might be dropped like a pea into an egg-cup. 
I will now proceed briefly to show that these and all the details 
of their attendant phenomena are but the natural and necessary 
consequences of the conditions I have already explained. 

126. If the telescope had not yet been invented, and I 
were to foUow up the preceding theoretical sketch of the 
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chemical and mechanical movements of the solar envelopes, by 
a further theoretical elaboration of what might be seen by a 
Jnagician, who by means of the enchanted carpet of the 

^ousand and One Nights" should transport himself 150 
a nearer to our central luminary, I must have used almost 

: precise words in which our best telescopic observers de- 
scribe the general appearances of the sun-epote. I should have 
1 the luminous envelope as ripped open by the tearing 
strain of opposing currents, revealing huge cavities whose 
sloping banks of flame exhibit a gradual diminution of bril- 
liancy by presenting to the observer a gradually diminished 
thickness of photosphere ; until they reach the bottom of the 
sea of flame, and there display a deeper shade — a central 
dark spot — reveahng to the sight of the magician the region 
of dissociated gases. I should have described these rents 
and vortices in a condition of continual movement, and quoting 
the description of the imaginary magician, I might have said, 
" When watehcd from day to day, or even from hour to hour, 
they appear to enlarge or contract, to change their forms, 
and at length to disappear altogether, or to break out anew 
in parts of the surface where none were before. In such 
cases of disappearance the central dark spot always contracts 
into a point, and vanishes before the border, Occasionally 
they break up, or divide into two or more, and in those cases 
offer every evidence of that extreme mobility which belongs 
only to the fluid state, and of that excessively violent agitation 
which seems only compatible with the atmospheric or gaseous 
state of matter." These, I say, are the words I might have 
attributed to my imaginary magician, if Galileo bad not taught 
us how to actually weave the enchanted carpets, of which the 
Oriental poets only dreamed; but as the case now stands, 1 
quote the above from Sir John Ilerschei's Oul/ines of Astro- 
nomy, article 386. 

127. The Padre Secchi, in a letter from Rome, dated 
Ai^aat 8thj 1865, and printed in t^ie ' '>. 
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says, " As to the mobility of the solar surface, you can judge 
from the two photographs that I send you ; they have been 
made only at an interval of twenty-four hours. I think we 
assisted at the outbreaking of the spot, and at its arrangement 
from a general confusion of movements into a regular transfor- 
mation of an ordinary group of spots. The appearance which 
I have seen is quite like that which takes place when a great 
movement is excited in a stream of running water, which 
finally resolves itself into some vortices which take their course 
independently. The movement of these spots even alone is 
capable of demonstrating materially what Mr. Carrington has 
found with great labour — ^that there is in the sun a real drift of 
matter, since without this it would be impossible to explain how 
the spot had been increased in two days to a length twice as 
great as its breadth, this remaining almost constant.'^ 

128. Mr. Spottiswoode, 'in summing up the general results 
of solar observations, in his address as President of the Mathe- 
matical and Physical Section of the British Association, at the 
meeting of 1865, says, ^^ It may be as well to remind the 
section that it seems now to be established that the solar spots 
are at a lower level than the penumbrse, the faculae at a higher; 
that the photosphere is gaseous, and that the behaviour of the 
spots as to appearance and disappearance is connected with the 
position of the planets, and principally with that of Venus. ^' 

129. I have collected a formidable array of quotations from 
the works of the most eminent solar observers, beginning with 
the unanswerable argument of Galileo (who contends that when 
two neighbouring spots are observed near the centre of the 
disc, with a bright interval between them, if the spots were 
protuberances this line would decrease as the spots approached 
the limb, and would soon disappear because one of the spots, if 
it were a projection, would hide it), and concluding with the 
most recent stereoscopic demonstrations, and the actual measure- 
ments of velocity of downrush, obtained by means of the ad- 
mirable researches and reasoning of Frankland and Lockyer 
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on the thickening of the spectroscopic lines of hydrogen ; in 
order to support that explanation of the sim-spots which 
■it^ards them as vortices or eddies in the photosphere; a con- 
|Hwion which is so confirmatory of what I have said and have 
^jVt to suggest ; but I abstain from further protracting the 
argument on this point, the progress of investigation having in 
the meantime carried the question beyond the discussion stage, 
and jnstified us in regarding the violent agitation of the photo- 
sphere and the vorticose structure and origin of the sun-spots 
as established facts, 

130. When this is admitted in conjunction with my view of 
the solar atmospheric strata and their properties, the great 
difficulties of the umbra and penumbra vanish. That these 
have presented very tremendous difficulties is evident &om the 
very tremendous hypotheses that have been despairingly ven- 
tured by some of our greatest philosophers. Nothing short of 
philosophic desperation could have dragged forth the idea of a 
central nucleus enjoying a temperature suitable for the cultiva- 
tion of cucumbers, by virtue of a nou- conducting and reflect- 
ing envelope, protecting it from the fierce glare of the fiery 
atmosphere above ; and that a sun-spot ia merely a gap in the 
fiery film, affording us a glance at these pleasant regions below. 

131. Putting together and comparing the various descrip- 
tions of difi'erent observers, I find good grounds for concluding 
that the body of the sun has never been seen at all. When 
the photosphere is broken through in any degree whatever, a 
darker region is presented, but there is no well-defined line of 
separation between the hght of the photosphere and the black- 
ness of the supposed body of the sun; on the contrary, there 
ia every gradation from white to grey, with mottlings of grey 
and white, from light grey to dark grey, and from dark grey 
to gloom, and from this again to ceutral blackness. Mr. 
Dawes has shown that the umbra and penumbra are but degrees 
of the same, and that the umbra itself is pierced, and shows 

£us" underneath. Thus the "nucleUjL^ 
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has receded beyond the umbra; yet this umbra was regarded as 
the nucleus until better instruments^ or more skilfial obsecra- 
tion^ showed it to be pierced by a stiU darker depth. As this 
darkest is so very far from absolute blackness^ more penetrating 
observation^ or a deeper spot^ may reveal a darker stilly and so 
:on for several gradations. Had the lowest depths of the 
greatest spots revealed a brighter speck^ with a rim of darkest 
umbra separating it from the outlying lighter shades of the 
penumbra^ there would have been better grounds for believing 
that a central solid or liquid body had been seen. 

132. We know that perfectly gaseous bodies may be in- 
tensely heated without becoming luminous^ and that if a solid 
be' ilnmersed in a gas in this condition^ it becomes luminous 
in ' prbplbrtioiL to the intensity of the heat. This is also the 

* 

cas(er with liquids and vesicular vapours. Taking those metals 
whose vapours have been shown to exist in the sun, viz., sodium, 
calcium, barium, magnesium, iron, chromium, nickel, copper, 
zinc, strontium, cadmium, cobalt; manganese, aluminium, and 
titanium^ we know that any of these, whether in the solid or 
liquid state, if immersed in a highly-heated non-flaming gas, 
would be; more luminous than the gas itself; therefore, if the 
solid or liquid body of the sun were at the bottom of the spot, 
it would be seen as a brighter y not as a darker nucleus, as com- 
pared with the umbra of heated and dissociated gases. The 
absence of such a bright centre to the spot does not, of course, 
prove the! non-existence of a solid or liquid nucleus, but merely 
that' it' has hot been seen. It might be there yet veiled from 
human vifew by intervening gases or vapours filling the spot, 
and absorbing those particular rays of light which the nucleus 
radiates. / 

133. From other considerations I conclude that this idea of 
finding a sofid nucleus of the sun anywhere at all within reach 
of human vision, however aided by the telescope, is a most 
unphilosophical expectation. The mean specific gravity of the 
'^ more than one-fourth of that of the earth, or not 
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"quite IJ times that of water. Now none of the clemcuta 
which the spectroseope has discovered in the sun eoiUd exist in 
a. solid or hquid state, aud subject to the cnornioua presauro 
which such a. mass must exert upon the inner portions of itself, 
without suffering an amount of condensation wliich would raise 
their mean specific gravity far above 1 J times that of water. 
The " solid body" of the sun, as usually described, makes most 
nnxeafionable demands upon the pure imaginatiou of the philo- 
sopher, who must invent a new form of matter of wliieli to 
construct it. Neither can he take refuge upou a solid crust 
enveloping & central gaseous or liquid mass; such as sonic 
geologists attribute to the earth as the result of gradual eooliug 
by radiation. There can be no such cooling down of tho 
surface of the solar nucleus, even if the violent hypothesis of a 
non-conducting aud athermous atmospheric stratum between it 
and the photosphere were to be revived ; for a solid crust thus 
placed between two fires would speedily be fused. 

134. The dissociated gaseous matter, of which I have hitherto 
spoken merely as a lower atmospheric envelope, niust oontiiiiKi 
to enormous depths, if it does not penetrate to the centre ; 
even the Kghtest of the solar gases, — the hydrogen itnelf, if not 
subject to the counteracting expansive power of heat, would in 
the inner portions of such a mass be oondcuscd far beyond tlin 
observed specific gravity of the huh. Nothing iibort of ii 
continuation aud concentration of the solar heat down tii tliti 
very centre of the sun can reconcile what wo know of tlin 
specific gravity of the sun with what we alwi know nf hit 
chemical composition; aud the idea of a r.noler miHeiiN com- 
posed of any known form of matter, v'ltSwt mWA, \U\h\A, or 
gaseous, should, I think, be finally alKi[HlniM»l. 

135. A solid, or rathw a viMCini* nuHiriiJi, j/rolwbly ilium 
exist somewhere towards the »;iitre f»f thei mti, bill i(« dlriiMi. 
sions in relation to the •nrroiindiiiK K*M«ni» rrtatU<r iii(i»t: bo 

'tausU-nUnu: Vt tu unrrimuiWun jHtlp, 
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times greater than the calculated density of the sun ; but if it 
be surrounded by a gaseous envelope vastly exceeding itself in 
volume, and consisting at its outer or more bulky portions of 
atmospheric matter many times less dense than water, the mean 
density of the whole orb, measured as we measure it by the 
outline of the photosphere, may thus be brought down to the 
calculated specific gravity of the sun. 

136. If the views above expressed are correct, the sun-spots 
are cavities of far greater depth than has generally been 
assigned to them. If we watch the eddies in a clear deep 
stream that is flowing past the pier of a bridge or other im- 
pediment, we may, if the stream is not too rapid and confused, 
trace the whole depth and dimensions of these vortices. On 
doing so we shall see that the depth to which the air is carried 
down into the water is commonly four or five times — and 
occasionally eight or ten times as great as the horizontal dia- 
meter of the vortex at its widest part. We must remember 
that in this case the air which is being thus dragged down 
below the surface of the water is much lighter than the 
water surrounding it; that it is all the while fighting against 
this forced immersion by its tendency to rise to the surface; 
while the eddies of the solar atmosphere are subject to no such 
healing or levelling force as that which is due to the great 
diflerence between the specific gravity of air and water. In 
the sun the walls of the whirlpool, and the material which it is 
dragging downward, are of nearly the same composition and 
density, and therefore we may expect a still greater proportionate 
depth. This must be still more strikingly the case if the 
vortices are originally due to the reeling of a deeply seated 
central nucleus such as I have already described. According 
to this, one or two hundred thousand miles is not an unreason- 
able estimate of the depth of some of the largest sun-spots. 
As will be seen hereafter, this question of the depth of the 
sun-spot vortices has a very important bearing upon the 
explanation of other great solar phenomena. 
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137. As I tave already stated^ the varying shades of the 
penmnbra, umbra, and so-called nucleus of the spots, present 
no diflSculty at all, if my general explanation of the structure 
of the sun be accepted. The region of dissociation, though 
occupied with intensely heated gases, and absolutely luminous, 
must, by contrast with the flaming photosphere, present just 
that degree of darkness which is actually observed, for here we 
have a body of gaseous matter having, in relation to the trans- 
mission of light, the opposite properties to those which I have 
shown to be possessed by flame. The dissociated gases, instead 
of presenting a cumulative result of all the radiating strata 
behind their presented surface, resist the passage of such lumi- 
nous rays by what is usually described as absorption ;* thus 
increase of depth gives no increase of luminosity ; and in look- 
ing into this region at the bottom of a spot we merely see the 

* I have already expressed my scepticism respecting this, and my opinion 
that " conversion" would better describe the action (100). Dr. Tyndall compares 
absorption to the resonance of a string, or other vibratory solid, taking up the 
waves of sound of a particular pitch, and re-emitting them in all directions. 
There is no loss of the particular note in this case, no acoustic " dark band," no 
" beat," or anything analogous to the •'absorption " bands of the spectrum. If 
the incandescent gases absorbed the light in this manner, and re-emitted it thus, 
the dark bands could not be thereby produced, as the quantity and quality of 
light actually emitted would still remain the same. It appears to me that the 
d£u*k bands must be explained by the conversion of the particular kind of light 
into another form of force such as heat, or into other light of a different wave 
period ; that they are not absorption hands, but conversion bands. When light 
passes through a partially transparent substance such as water, and illuminates 
the water in the course of its transmission, there is true absorption of light ; and 
the amount of light truly absorbed is measured by the intensity and quantity of 
illumination of the water, but when light is received upon a surfaoe of lamp 
black, a totally different kind of action occurs. The application of the same 
term to both of these actions is certainly unphilosophical. If a piece of dry 
chalk is moistened with water, the chalk absorbs the water, which still remains as 
water in the pores of the chalk. If a piece of quick lime is moistened with 
water, the lime combines with the water, and the water ceases to exist ; it is con- 
verted into a totally different substance. The chemist would stumble into 
serious confusion if he described these two actions by the same name. 
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intrinsic splendour of the exterior film of the gas, nearly as we 
should see the red-hot surface of one sheet of iron, which 
would be nowise increased in brilliancy by placing a thousand 
other sheets of the same temperature behind it ; while a thou- 
sand such sheets of flame would be a thousand times as brilliant 
as the one sheet. 

The darkest region of the spots, the " umbra" or " nucleus/' 
is thus easily explained, both as regards its relative darkness 
and its position at the lowest depths of the cavity. 

138. The phenomena of the penumbra and all the grada- 
tions of shade that have been observed in the spot cavities, 
admit of equally simple and natural explanation. I have 
endeavoured to show that the brilliancy of the photosphere 
varies with the depth of flaming matter from which the lumi- 
nous radiations are proceeding. For illustration, let us suppose 
the case of a perfectly symmetrical funnel-shaped cavity of 
circular outline, and that it is situated on the centre of the 
sun^s disc, so that the terrestrial spectator will be looking per- 
pendicularly down its axis, and that it is deep enough to pene- 
trate beyond the total thickness of the photosphere. It is 
obvious that the spectator, in thus examining the walls of such 
a cavity, must be looking through a gradually thinning stratum 
of the photosphere, as he directs his observation deeper and 
deeper down its sides, which should thus exhibit a gradually 
and somewhat regularly diminishing luminosity from the outer 

* ... * 

edge towards the centre. The; limit of this regular gradation 
would be the depth of the photpsphere j beyond this a somewhat 
sudden increase of darkness shquld be observed so soon as the 
sides of the funnel passed the border of the photosphere, and 
came upon the heated but non-flaming gases. I say a some- 
what regular gradation, because the perfect regularity due to 
the varying thickness of the photosphere will be subject to the 
interference resulting from the vaporous and flaming matter 
which must be carried down with the vortex, and the gyratory 
contortion to which the surface of the funnel-shaped opening 
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would, of necessity, be subject. This would give a streaked, 
mottled, and irregular appearance to the shading, and would 
blur the line of separation between the lower edge of the 
photosphere and the upper surface of the non- luminous gaaea. 

139. The exact fulfilment of all these conditions of sym- 
metry are, of course, not likely to be realized; and all the 
phenomena described must actually be subject to great disturb- 
ances of the supposed regularity. The more irregular the shape 
of the spot and the greater its distance from the centre of the 
sun's disc, and the consequent obliquity of the line of vision, 
the more irregular must be all these appearances which I have 
only described above in typical form. That the penumbra 
ebould be streaked and striated as the best observers describe it 
to be, and that the umbra itself " always presents the appear- 
ance of varied shades, as if the penumbra and umbra were 
mingled, and mixed up their tints in varied proportions j"* is 
only a necessary result of the down-rush of the flaming matter 
of the photosphere, which must be dragged in broken streaky 
sheets down the vortex, eveu to its lowest depths. Besides this, 
there would probably occur some further combustion within the 
cavity, consequent upon the absorption of the cooler vapours of 
the chromosphere, which would render possible the combination 
of a limited quantity of the dissociated gases. 

140. All the above theoretical deductions respecting the 
general appearances of the umbra and penumbra are strictly 
verified by telescopic observation. In the next chapter I will 
proceed to examine some of the minor details of these lights 
and shades of the sun-spots and solar surface ; for, if I am right, 
the lesser and the greater phenomena should receive an equally- 
consistent explanation. 



• Tht Seaveas, bj A. Guillemin, edited by Lockjer, page 36. 




CHAPTER X. 



THE VAEYING SPLENDOIJE OF DIFFEEENT POETIONS OF THE 

PHOTOSPHERE. 

THE DAEK EIM OF THE SUK-SPOTS — MY EXPLANATION OF THE DABK EIM 
— ^ABSOEPTION DOES NOT EXPLAIN THE DAEK EIM — BADIAL STEIATION 
OP StTN-SPOTS — MY EXPLANATION OF EADIAL STEIATION — THE " WILLOW 
leaves" — ME. NASMYTH*S DESCEIPTION OF THE WILLOW LEAVES CON- 
TEOVEETED — SIE JOHN HEESCHEL'S AND FADEE SECCHl'S DESCEIPTION 
OF THE SOLAE SUEFACE — ME. DAWES'S DESCEIPTION OF THE 80LAB SUB- 
FACE — ME. OUILLEMIN's DESCEIPTION OF THE SOLAE SUEFACE— MB. 
BEODIE'S DESCEIPTION OF THE SOLAE STJEFACE— MY EXPLANATION OF 
THE MOTTLING, ETC., OF THE SUEFACE OF THE PHOTOSPHEEE— MY 
EXPLANATION OF THE " THATCH STEAW8," ETC. — FACULOUS PEOJECTI0N9 
OVEE THE SUN SPOTS — THE SOLAE PEOMINENCES— THE GEEAT lEEEGULA- 
EITY OF THE SURFACE OF THE PHOTOSPHEEE — THE SUN-SPOT " BEIDGES" 
— THE " FACULiE" — MY EXPLANATION OF THE FACULJE — IS THE PHOTO- 
SPHEEE DEEPEE ON THE SUMMITS OF THE FACUL^ THAN IN THE VAL- 
LIES BETWEEN THEM ? — THE EFFECT OF THE VAEYING DENSITIES OF 
THE CHBOMOSPHEEE UPON THE MAXIMUM EADIATION OF DIFFEEENT 
POETIONS OF THE PHOTOSPHERE— BRILLIANCY OF THE FACUL^ NEAE 
THE LIMB OF THE SUN. 

141. There is a remarkable feature of the sun-spots which 
no hypothesis I have yet met with has attempted to reach. I 
refer to the dark rim at the outer edge of the spot which has 
been described by so many observers. That it is an actual 
darkening, and not a mere optical illusion due to contrast with 
the bright platform of facula surrounding the spot, is, I think, 
proved by its peculiar irregularities. If it were an optical result 
of contrast, it should form an unbroken line following the edge 
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rthe spot ; but instead of this the appearance described and 
drawn is that of a mottled or atriatcd shading, the stria always 
directed inwards or towards the centre of the spot. This is 
shown very clearly in the engravings from Professor Phillips's 
drawings of spots obsen'ed on November 11th and 13th, 1865, 
pubHshed in the Proceedings of the Royal Society for December, 
1865 ; and still more distinctly in the drawings which illustrate 
Ma paper on " A Zone of Spots on the Sun," published in the 
Proceedings of the Royal Society, vol. xv., p. 68, March 22nd., 
1866. He saya, "The penumhra had broken edges and an 
interior mottling of small brighter and darker spaces, directed 
variously towards the umbree." I may also refer to the drawings 
of a spot by Nasmyth, reproduced on page 32 of Guillemin's 
work on The Heavens, already quoted, and to another illustra- 
tion from Lockyer on page 42 of the same work. The oft- 
described "serrated edges," the "thatch" and "willow leaves" 
pointing inwards upon the penumbra, are further illustrations 
of this breaking of the dark rim. 

142. I have no difficulty in explaining these appearances. 
The initial velocity of a sheet of the photosphere, when pro- 
jecte*l into a spot-cavity, must be greater than the subsequent 
velocity. In proceeding towards its journey's end, down such 
an opening, it must be subject to retardation. Thus in its 
first bending over, the sheet of flame will be stretched out and 
thinned, then swollen, or heaped more or less by retardation 
and concentration ; and, finally, extinguished more or less com- 
pletely by dissociation in the lower regions. From this conflict 
between varying velocities, diminishing circumference of cavity, 
cooling action of associated chromospheric matter, and heating 
from below, the greatest irregularity must result. That amidst 
all this irregularity such a sudden darkening of the outer edge 
of the penumbra should generally be presented, is quite in 
accordance with theoretical expectations. 

143. This dark rim presents a very serious objection to the 
explanation which attributes all the darkness of the spots t^ . 
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absorption. That such absorption docs play an important part 
I think Mr. Loekyer'a investigations have fairly proved ; hut this 
dark region of the circumference is an " inslanlia crucis " refut- 
ing its exclusive claim, as it is obvious that the down mahiDg 
vapours must be thinned at the edges, and their absorptive 
efficiency must increase from circumference towards the centre. 
144. My hypothesis perfectly explains the striation pro- 
ceeding towards the centre of the spot, as such a stream drawn 
from the billowed surface of the stormy photosphere would, of 
necessity, be furrowed in the direction of its current, and most 
deeply furrowed at the edge where the waves are first bending 
over. The ridgea would be bright and the furrows darker, 
The completeness of this explanation will be better understood 
if I quote the words of Padre Seccbi, from a letter dat«d 
"Rome, August 11, 1865,-" and published in the Reader of 
19th August, 1865. The italics are his own. Speaking of tlie 
" willow leaves," he says, " Now let us come to the penumbra 
of the spots and its structure. According to what I have seen, 
they are these little things which, flowing bodily from the 
surrounding photosphere on to the chasm of the penumbra, and 
directing themselves towards the nucleus, give to the penumh™ 
the radiated form which has been observed by many long ago. 
During this course or voyage, they seem occasionally to increase 
in bulk, so that they are more plainly visible, and being pro- 
jected on a blacker field, and isolated, they are seen even in 
conditions of atmosphere insufficient to show them in the 
general field of the sun. Sometimes I have seen them de- 
tached and melting away, which happened yestenlay in the 
small round spot, when one of these little things was detached 
from the serrated edge, and went near the centre of the spot, 
where it dissolved in a abort time. Sometimes they unite in 
very long lines, and melt together, forming a round-edged 
stream, as I described so long since as 1853. I think, there- 
fore, that the willow leaves are to be distinguished from these 
currents, and that only these are those called Ihatch straws, of 
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^■k}i the Aatronomer Royal speaks. But tliis diatinction does 
^^fipicliide that they are in rculity different things, since the 
^^ndi-strELw or currents may be produced by the melting and 
dissolving of the willow-leaves, which are certainly not solid 
things. These are disposed in a converging direction towards 
the centre of the spot when the spot is round and regular, hut 
they are disposed in every direction when the spot is irregular 
or dissolving.'" 

145. I might multiply similar quotations to show that a 
stream of flaming matter flowing from the photosphere into the 
spot, and varying in brilliancy according to its thickness, ex- 
plains even the most miuute details of spot phenomeua. It 
will be seen from the above that these regular radial striae 
occur just when and where they should according to my expla- 
nation ; they are symmetrical and regular in their convergence 
" when the spot is round and regular," and " disposed in every 
direction when the spot is irregular or dissolving." An irregular 
spot evidently consists of several pits or eddies combined more or 
less confusedly ; the probable result of several opposing streams 
due to variations in relative vertical velocity, as well as to 
variations in relative horizontal velocity. Such a combination 
of irregularities must exist if planetary disturbance produces 
the eccentric reeling which I have described. The " round and 
regular" spot would correspond to the minor eddies of a 
stream, resulting from the horizontal irregularities of velocity 
produced by the friction of its banks, or the piers of a bridge; 
while the large irregular spots correspond to those wave-like 
and a emi- vorticose hollows and surgings which may be seen 
wTien a rapid stream passes over a boulder of rock rising 
abruptly from the bottom, without reaching the surface. In 
most of the spots the characters of both of these should be 
combined. The break-ing up of the radial striation when the 
spot is dissolving is in most obvious and perfect accordance 
with my explanation. 

146. All who have watched the progress of the recent un- 
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veiling of the 8un must be acquainted with the famous " willow- 
leaf" controversy, which followed Mr. Nasmyth's startling 
announcement that he had discovered that "The bright surface 
of the sun consists of separate, insulated, individual objects or 
things, all nearly or exactly of one definite size and shapej 
which is more like that of a willow-leaf, as he describes them, 
than anything else. These leaves or scales are not arranged in 
any order (as those on a butterfly's wing are), but lie crossing 
one another in all directions, like what are called spills in the 
game of spillikins ; except at the borders of a spot, where they 
point for the most part inwards towards the middle of the spot, 
presenting much the sort of appearance that the small leates 
of some water-plants or sea-weeds do at the edge of a deep 
hole of clear water. The exceedingly definite shape of these 
objects, their exact similarity to one another, and the way in 
which they lie across and athwart each other (except when they 
form a sort of bridge across a spot, in which case they seem to 
affect a common direction, that, namely, of the bridge itself), 
all these characters seem quite repugnant to the notion of their 
being of a vaporous, a cloudy, or a fluid nature. Nothing 
remains but to consider them as separate and independent 
sheets, flakes, or scales, having some sort of solidity. And 
these flakes, be they what they may, and whatever may be said 
about the dashing of meteoric stones into the sun's atmosphere, 
etc., are evidently the immediate sources of the solar light and 
heat, by whatever mechanism or whatever processes they may 
be enabled to develop and, as it were, elaborate these elements 
from the bosom of the non-luminous fluid in which they appear 
to float. Looked at in this point of view we cannot refiise to 
regard them as organisms of some peculiar and amazing kind ; 
and though it would be too daring to speak of such organiza- 
tion as partaking of the nature of life, yet we do know that vital 
action is competent to develop both heat, light, and electricity."* 

* Familiar Ltduret on Saientific SnijecU, by Sir John P. W. nerschel, 
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I quote this account by Sir John Herschcl, not having the 
meana of reference to Mr. Naamyth's own words. 

147. This description of the solar surface was warmly 
controverted by Mr, Dawes and other solar observers, who 
deny very positively "the definite shape of these objects," 
their " exact similarity," and " the way in which they are said 
to lie athwart and across each other;" i. e., all the characters 
which " seem quite repugnant to the notion of their being of a 
vaporous, cloudy, or a fluid nature ;" but they admit the 
existence of luminous mottling, which they variously compare 
to " rice grains," " crystals," " floccnli," " granulations," 
"straws," "things," "bits of white thread," "cnmuli of 
cotton wool," " clouds," " excessively minute fragments of 
porcelain," " untidy circular masses," " things twice as long 
as broad," "three times as long as broad," "ridges," "waves," 
" hill knolls," etc., etc. 

14.8. Sir John Herschel's description of his own observa- 
tions in his Outlines of Astronomy, art. 386 and 387, does 
not at all accord with the view of fixity and solidity above 
stated. Speaking of the spots, he says, "Occasionally they 
break up, or divide into two or more, and in those eases offer 
every evidence of that extreme mobility which belongs only to 
the fluid state, and of that excessively violent agitation which 
seems only compatible vrith the atmospheric or gaseous state of 
matter. Many other circumstances tend to corroborate this 
view of the subject. The part of the sun's disc not occupied 
by spots is far from uniformly bright. Its ground is finely 
mottled with an appearance of minute dark dots, or pores, 
which, when attentively watched, are found to be in a constant 
state of change. There is nothing which represents so faitb- 
fijUy this appearance as the slow subsidence of some flocculcnt 
chemical precipitates in a transparent fluid, when viewed 
perpendicularly from above : so faithfully, indeed, that it is 
hardly possible not to be impressed with the idea of 
medium intermixed, but not confounded, with a transparent 

B 2 



;n viewed 

that it is ^^B 

luminous ^^| 

M 



I 



F Mo THE FUEL OF THE SUN. 

non -luminous atmosphere, either floating es clouds in our air, 
or pervading it in vast sheets and columns like fiame, or the 
streamers of our northern lights," 

I have already quoted one of Secehi's accounts of these 
"things." He further says, "The general ground of the mn 
is made up of these oblong bodies, but of every form and 
dimensioTut. A great mauy black porea show that the photo- 
sphere is not a continuous stratum, but at the first sight it 
appears made up of little lumps like so many cumuli of cotlott 
wool."* 

149. The Rev. W. R. Da-wes says, "The term mllow-haves 
seemed utterly inapplicable to anything I had ever succeeded 
iu discovering, A far less objectionable term, as it appears to 
me, ia that of rice grains, applied by Mr, Stone to those objects 
with which all careful sun observers must be acquainted, as 
there is no difficulty iu seeing them in a moderately favourable 
State of the air, and which have been familiar to myself for 
many years ; so niuch so, indeed, that when they are not dia- 
cemiblc, I iuvaxiably abstained from any further scrutiny of the 
solar surface as being useless. Yet even this appellation conveys 
the idea of uniformity of shape and size which these objects do 
not possess, and is, I think, on that account objectionable. But 
; been led by it to apply the term granulations, or granules, 
which assumes nothing either as to exact form or precise 
eharacter."t In a letter from Mr. Dawes to Mr. Pritchard, 
published in the Reader, 14th May, 1864, he says, speaking of 
the details of these appearances, "It was nearly four year before 
I was completely satisfied on the subject; it was not in fact 
till I had completed the construction of my new solar eye-piece, 
which enabled me to place any portion of the sun's surface on 
a small field, and to examine the identical objects with every 
variety of power, and under circumstances fit for the use of 400 



■ Stader, I9th August, 1865, p, 310, 
t Ibid., 27Ui August, 18G4. 
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to 600 with advantage. I thus arrived at the decided coniictioii 
that these brilliant objects were merely different conditions of 
the surface of the comparatively large luminous clouds themselves 
— ridges, waves, hiU-knolls, or whatever else they might be 
called, differing inform, in brilliancy, and probably in elevation, 
and bearing something of the same proportion to the individual 
luminous clouds that the masses of bright faculie, as seen near 
the sun's edge, bear to the whole disc of the sun. As I arrived 
at this conclusion twelve years ago, and as my subsequent 
observations have only confirmed my conviction of its cor- 
rectness, I fear that further looking is not likely to alter it." 
(The italics are Mr. Dawes') . 

150. M, GiuHemin says, "We may begin by saying that 
the whole surface of the sun, except those portions occupied by 
the spots, is coarsely mottled: and indeed the mottled appear- 
ance requires no very large amount of optical power to render 
it visible. It has been often observed with a good refractor of 
only 2J inches aperture. Examined, however, with a large in- 
strument, it is seen that the surface is principally made up of 
luminous masses, described by Sir W. Herschel as " corruga- 
tions," and small points of unequal light, imperfectly separated 
from each other by rows of minute dark dots, called pores, the 
intervals between them being extremely small, and occupied by 
a substance decidedly less luminous than the general surface."* 

151. Mr. Brodie, whose instrument is an equatorial of 
SJ inches clear aperture and llj feet focal length, constructed 
by Messrs, Cooke and Sons, referring to the " rice grains " 
a&ys, " Ihesc waves, ot ridges of pkolospheric cloud, seemed to 
have an irregular outline of elevation, such as a cumulus cloud 
generally presents, so that the top of the very wave or ridge 
that causes the mottled appearance on the sun was itself 
irregular in the outline of its upper surface. The aides of 
waves or ridges were of very great inclination, not very greatly 
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removed from the perpendicular; the indentations or valleji 
between them intersecting each other most iircgularly." 

152. Any furtlier quotations I think are imneceasary ; the 
foregoing will be aufficient to show that in spite of the apparent 
contradictions in the details of these observations (contradic- 
tions rather in the mode of describing the observations than in 
the observations themselves) , they almost unanimously combine 
their testimony in favour of the explanation which follows k a 
necessary consequence of my view of the constitution of the 
sun. According to this, the flaming ocean of the photosphere 
must be in a state of furious tempeatj with mighty tide waves 
and billowSj and lesser ripples on these, and mountain tongnes 
of flame all over the surface. The crests of these huge waves, 
and the summits of these flame-alps presenting a greater depti 
of flaming matter, must be brighter than the hollows and the 
valleys between ; and besides this their splendour must be 
further increased by the fact, that such upper ridges and 
summits are leas deeply inmnersed in the outer ocean of absorb- 
ing vapours, which limits the radiation of the light as well as 
the heat of the photosphere. The effect of looking upon the 
surface of such a wild fury of troubled Bame, with its confused 
intermingling gradations of luminosity, must be most puzzlmg 
and difficult to describe; and unless the observers had been in 
a balloon over a burning eity, or a prairie on fire during a 
hurricane, their terrestrial experiences must have utterly failed 
to supply any objects with which to compare the appearances 
presented. 

153. The " thatch straws " overhanging the spot borders 
and producing the serrated edges, otherwise attributed to the 
sailing of the willow-leaves towards the spot, are necessary con- 
sequences which might be predicted were they not observed; 
for if there is a downmsh towards the spot, it must drag the 
flame -pinnacles towards it, so that their summits must bow 
over the cavity, and their points be projected vrithin it. It is 
remarkable that Mr. Dawes and others who deny any rega- 
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* larity of outline or direction to the bright specks on the general 
surface, all concur in excepting the case where they are near a 
spot. All admit regularity and elongation there. The radiated 
arrangement and the thatch-like overhanging are thus described 
in the Monthly Notices of the Astronomical Society for 
August, 1865, " You get in the penumbra near the edge of the 
photosphere, sometimes pointed, sometimes rounded, sometimes 
troncated cloud masses wiik a sharpened portion towards the 
umbra, and a very blunt portion towards the general solar 
surface." This is exactly the form and appearance which such 
bending summits of flame-tongues should exhibit. 

154. "Mr. Lockyer has observed that on one occasion a 
tongue of faculous matter, projecting over a spot, lost its 
brilliancy very rapidly, so as ultimately to seem less brilliant 
than any portion of the penumbra. At the same time it 
seemed to be " giving out," as it were, at its end, and a portion 
of the umbra between it and the penumbra appeared to be 
veiled with a stratus cloud evolved out of it."* This appears 
to have been a case in which one of the higher and tempo- 
rary jets of flame {of which I shall speak more fully here- 
after as forming the solar "prominences") has been drawn 
iato the general vortex, and the cause of its great extension 
not being constant, it has "given out," or burned itself out, 
leaving behind the aqueous vapoiir and other combustion pro- 
ducts to form the " stratus cloud evolved out of it," which by 
their absorption " veiled" the peunrabra, or left a track "less 
brilliant than any portion of the penumbra," 

155, That the solar surface is thus covered by mountain 
waves and tongues of flame, is now proved by the direct obser- 
vations of Mr. Lockyer, M. Jansscn and others. The above 
was written before the particulars of their recent observations 
with the widened slit of the spectroscope were announced, or I 
should scarcely have sought so far for indirect evidence of what 

• Reader, vol. vi., p. 6B7. 
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is now SO directly demonstrated. Mr. Lockyer finds that the 
great solar prominences which have so astonished and puzzled 
the astronomers of this generation are only larger developments 
of what exists on all parts of the solar surface^ and that all of 
these are really vnlgar hydrogen flames^ ot mixtures of flame 
with heated gas and vapour. He says, '^We may use either the 
red, or yellow, or green light of hydrogen for the purpose of 
thus seeing the shape and details of the prominences. I lave 
been perfectly enchanted with the sight which my spectroscope 
has revealed to me. The solar and atmospheric spectra being 
hidden, and the image of the wide slit and the part of the pro- 
minence under observation alone being visible, the telescope or 
slit is moved slowly, and the strange shadow-forms flit past, and 
are seen as they are seen in eclipses. Here one is reminded by 
the fleecy, indefinitely-delicate cloud-films of an English hedge- 
row with luxuriant elms ; here, of a densely intertwined tropical 
forest, the intimately interwoven branches threading in all direc- 
tions, the prominences gradually expanding as they mount up- 
wards, and changing slowly, indeed almost imperceptibly.^'* 

156. Lieutenant Herschel gives similar descriptions, and 
accompanies them with sketches. From these and from other 
evidence which has now become too abundant for quotation, it 
appears that the surface of the photosphere, wherever viewed, 
is covered with mountains of flame of stupendous magnitude 
and indescribable irregularity. 

I have shown that this undulating surface stretched out 
and flowing into the spot-cavities may produce the striation of 
the penumbra and the umbra of the spot ; that the taller flame- 
tongues bending over as they sail down the fiery cascade, explain 
the ^^ thatch '^ or ^^willow-leaf projections over the edge of the 
spot, and that still taller jets of fiame of temporary existence 
fully account for all the phenomena that Mr. Lockyer observed 
in connection with the ^^ tongue of faculous matter projecting 
over a spot.'' 

* Macmillan's Magazine, August^ 1869, page 371. 
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157. The following quotation from a letter by M. Chac 
to the Reader, vol. v., page IG, carries us a step further in the 
same direction: — "The first obsei-vation of this kind which I 
was able to make with precision dates from April Srd, in 1853. 
It was in following assiduously the changes presented by a large 
spot from nine in the morning till four in the afternoon, scarcely 
taking the eye from the telescope, that I saw how a large por- 
tion of the photosphere, in the shape of a horse shoe, joined 
itself to the faculie at the edge of a spot, and, separating from 
them, appeared like an isolated cloud over the centre of the 
nucletis." Here we have a still larger fragment of the photo- 
sphere, in the shape of a horse shoe, still further overhanging. 
One step more brings us to the comparatively common pheno- 
mena of the luminous bridges crossing the spots, which have 
been described as willow-leaves or faculous matter " setting 
sail" across the spot. The horse-shoe shape of the portion of 
photosphere described by M. Chacoruac at ouce suggests the 
" great horn,'" the " scimitar- shaped," the " boomerang," the 
"goat's horn," and other tall curved prominences which have 
been observed starting from the edge of the sun during total 
eclipses. As these are recorded by photography, there can be 
no mistake about their shape. Given such a scimitar or 
boomerang- shaped mountain of flame some sixty or eighty 
thousand miles long, (which is below the observed dimensions 
of some of these,) and let it be near to a spot and its curva- 
ture bending over the spot, the observer looking upon it from 
the earth must see it projected across the spot as a luminous 
band or bridge. A perpendicular prominence, if it rises be- 
tween the observer and a spot situated anywhere on the outer 
portion of the sun's globular disc, must be visually projected 
across the spot. Such prominences are now proved to be chiefly 
composed of hydrogen flame ; and if I am right respecting the 
transparency of flame and its light increasing with its thick- 
ness, their luminosity must be equal to their own brilliancy 
plus that of the luminous matter shining through them. 
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158. The facuUe still remain to be explained. — ^They are 
described by Mr. Lockyer as follows : — ^^ Near the edge of the 
solar disc^ and especially about the spots approaching the edge, 
it is quite easy^ even with a small telescope^ to discern certain 
very bright streaks of a diversified form, quite distinct in out- 
line, and either entirely separate or coalescing in various ways 
into ridges and network. These appearances, which have been 
termed ^^faculse,'' are the most brilliant parts of the sim. Where, 
near the limb, the spots become invisible, undulated shining 
ridges still indicate their place — ^being more remarkable there- 
about than elsewhere on the limb, though everywhere traceable 
in good observing weather. Faculse appear of all magnitudes; 
and Professor Phillips, whose description we are quoting, has 
observed them from barely discernible, softly gleaming, narrow 
tracts 1000 miles long, to continuous, complicated, heapy ridges 
40,000 miles and more in length, and 1000 to 4000 miles broad. 
By the frequent meeting of the bright ridges, spaces of the sun's 
surface are included of various magnitudes and forms, some- 
what corresponding to the areas and forms of the irregular spots 
with penumbrse. They are never regularly arched, and never 
formed in straight bands, but always devious and minutely 
undulated, like clouds in the evening sky, or irregular ranges 
of snowy mountains. 

^^ Ridges of this kind often surroimd a spot, and hence 
appear the more conspicuous; but sometimes there appears a 
very broad white platform roimd the spot, and from this the 
white crumpled ridges pass in various directions. Towards the 
limb the ridges appear parallel to it ; away from it, this character 
is exchanged for intermediate direction and lessened distinctness; 
over the remainder of the surface they are much less conspicu- 
ous, but can certainly be traced.''^ 

Sir J. F. W. Herschel describes the facuUe ^^ as strongly 
marked, curved, or branching streaks,^' among which, ^^ if not 

* The HeavetUj by A. Guillemin. Edited by J. Norman Lockyer. pp. 38, 39. 
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already existing^ spots frequently break out. They may, per- 
Iiaps, be regarded with most probability as ridges of immense 
-waves in the luminous regions of the sim's atmosphere, indica- 
tive of violent agitation in their neighbourhood.^^* 

159. The above are minutely accurate descriptions of what 
must of necessity occur if my explanations of the constitution 
of the solar atmosphere are correct. The " mottling/' ^^ rice 
grains/' ^^granulations/' ^^ pores/' etc., etc., are not sufficient 
alone; they only give account of the flame-tongues, ripples, 
and ^^ short seas" of the photospheric ocean; the long "ground- 
swell" that should exist on such an ocean require to be repre- 
sented ; and they are represented perfectly by these descriptions 
of the facuUjB, concerning which there is no controversy; the 
great magnitude and comparatively orderly nature of the phe- 
nomena presenting no serious difficulties either of observation 
or description. That such a ground-swell should be brighter 
than the rest of the solar surface follows of necessity from its 
greater elevation diminishing the depth of absorption-vapours 
through which it is seen. K, in addition to this, the flaming 
photosphere be thicker here than in the lower portions, we shall 
have the additional brilliancy due to the property of flame I 
have described. 

160. Should the ridge of such groimd-swell waves be thicker 
in photospheric matter than the hollows between them ? I have 
assumed as a matter of course that such is the case with the 
sharp waves and the flame-tongues; but such an assumption 
must not be too hastily accepted with respect to these greater 
rounded waves. The flame-tongues must be merely superflcial 
prolongations of the flame-ocean just such as we have all seen 
darting up from the flaming surface of the spirit when we knew 
nothing about hydrogen, and played at snap-dragon. The 
agitation producing "heapy ridges 40,000 miles and more in 
length and 1000 to 4000 miles broad," must be deeply seated, 

* TreatUe on Astronomy , art. 331. 
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must reach below the film of flame forming the photospherCj 
and upheave the lower ocean of dissociated gases^ which must 
thus be similarly waved. In other words, the surfaces of both 
oceans must be curved, and the photosphere must rest conform- 
ably upon the curvature of the non-burning gases. 

161. But will their parallelism be perfect ? I think not, and 
will endeavour to state why. I have shown that from tlie 
known laws of dissociation and combustion, the amount of 
combustion producing the photosphere must be limited by tbe 
maximum possibility of radiation, and that this radiation is 
limited by the obstructing envelope of combustion-products 
forming the next atmospheric layer outside the photosphere. 
The absorbing envelope is of course distributed in accordance 
with the law of atmospheric densities. Thus its density and 
powers of limiting the radiation will be greatest at the bottom 
of the deepest valleys of the photosphere, and the least on the 
summits of its highest moimtains. Now these ground-swell 
billows, to which I attribute the faculse, are huge mountain 
chains, and the hollows between them are profoimd valleys ; the 
diflference of barometric pressure between the summits of these 
mountains and the bottoms of the valleys must be very great. 
Our Mont Blanc is but a pimple compared with these, and yet at 
the summit of Mont Blanc the density of the atmosphere is but 
little more than half of that on the plains of Lombardy below. 
Thus the radiation from the summit of the faculae must be 
subject to less obstruction than that from the lower levels of 
the photosphere, and therefore the combustion of the dissociated 
gases will there be capable of penetrating to a greater depth, or, 
in other words, the photosphere will be the thickest and con- 
sequently the most luminous on the ridges of these great waves. 
This, combined with the diminished absorption of the thinner 
envelope, fully explains the recorded appearances of the faculse. 

163. In a " Notice of a Zone of Spots on the Sun,^^ pub- 
lished in The Proceedings of the Royal Society, March 2, 1866, 
Professor Phillips makes the following summary of his observa- 
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tions of the gradations of solar splendour; ^^ Looking directly 
on the central regions, the light is found to be much the 
^brightest on the apparent summits of the undulations of the 
photosphere (^ rice grains^) ; and looking to the limb, it is the 
faculse which are the brightest parts. In each case it is the 
outermost parts of the photosphere which are the brightest, and 
the innermost parts which are the darkest. The depth of shade 
appears to be in direct proportion to the depth below the outer 
surface of the photosphere/^ That portion of the above which 
I have put in italics needs no comment, as its bearing upon my 
explanations is so direct and obvious. That when '^looking 
di^ctly on the central regions," the Ught is found to be the 
brightest on the summits of the flame-tongues and ripples, and 
that such minor variegation should not appear when '^ looking 
to the limb,^^ is precisely what should be seen if I am right ; 
for it is only in the ^^ central regions" that we are looking down 
the summits of these flame projections, and thus seeing them 
projected as thickenings of the photosphere. When ^^looking 
to the limb," they must be seen in profile, with a thickness due 
only to their width, which in these flame-tongues and short 
waves, or dashing ripples of flame, must be but small ; while 
the great ground-swell waves of the faculse, seen iii profile on 
the limb, should there by their great breadth present the 
greatest depth of flame, as measured by a plumb line coin- 
cident with the visual ray. 
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laCRASlCAL AfilTAnoS SOT SCmCSMSY TO ACCOUWT lOS THB SOUS 
FBOMUI MSLa»—THM DOWTSTSH CTXO THB SPOT CATTTEBB MUST PBO- 
DUCX ▲ COMMMSromjiaQ UFKTSH TM OTHMB FLACX8 — COV8EQ17SKCE8 
OF THIS UFXrSH OF DISSCXIATKD GASSS — SJSCTIOV OF XETILUC 
TAPOUBS CnO A2n> BXTOSB THB PHOTOSFHBBB— COXSEQUBKCES OV 
THB EJWCnOlS OF XBTAIXIC TAPOUBS — FOBMATIOK OF MBTAUJC HAUr 
flTOXBS — OBDBB OF PBBCIPTTATI03r OF BJBCTED HBTALB — 8PBCTS0- 
8COPIC BV1J>BBCB OF BJBCTBD XBIXLS — ^THB BBILLIAirCT OF THB 80UB 
PBOMCnCf CBS OOMPABBD WITH THAT OF THB PH0I06PHEBB— YABTDie 
lOAS LUMnroSITT OF THB PHOIDSPHBBE — EXPIAlTATIOir OF THB COM- 
PAB1.TITB DOreOTBSS OF THB PBOMETESCBS — THB OOLOUB OF TBI 
PBOMUTBirCBS. 

163. No tlieoiy of the oonstitatioii of the sun can be 
sonnd which does not satisfiEUTtorily aooonnt for these marvellous 
eruptions^ the solar prominences. Mere mechanical agitation^ 
however violent^ does not afford anything like an adequate 
explanation of such isolated columnar masses of flame. Waves 
and vortices, and the ordinary inequalities of the surface of 
the photosphere, may be thus explained, but something more is 
required to account for the violent outbursts which rend the 
photosphere, and eject it upwards in pillars of flame reaching 
to an elevation of 100,000 miles. Do my hypotheses assist us 
here ? I think they do. 

164. In the course of Chapter VI. I have stated hypotheti- 
cally that the matter of the photosphere and the vapours of 
the chromosphere must be carried down the spot vortices into 
the Ir tter regions of dissociation ; but I have cut 
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out most of the arguments by which I sought to support this, 
as they have since been superseded by the direct and beautiful 
researches of Mr. Lockyer, who has not only proved the eidst- 
ence of such a downrush, but has actually measured its velocity 
by the altered refrangibility of the thickened hydrogen line. 
Now such a downrush cannot occur in one place without a 
corresponding uprush in another. If the uprush were that of 
an ordinary fluid, it would merely produce a rounded mound, 
like the seething uprush of waters that is seen beyond the foot 
of a cascade. But what is the nature of the uprushing material 
in this case? It must be an enormous volley — millions of 
cubic miles of a furiously explosive mixture, consisting chiefly 
of the elements of water. This will be poured through the 
stratum of flame of the photosphere into the cooler regions 
beyond, and raised above the denser portion of the vaporous 
jacket that limits the normal radiation. 

165. What must be the consequence of this ? It must be 
a continuous explosion, of such mighty force and magnitude 
that beggars the imagination in its efforts to picture its action 
and results. We know the deafening report which accompanies 
the explosion of a soap bubble when filled with these gases, 
accurately mixed in the proportions to form water ; what would 
be the crash if the cupola of St. Paulas were filled in like 
manner and exploded ? How far would the ball and cross and 
the masonry of its vault be projected ? What if 

" The cloud-capped towers, the gorgeous palaces, 

The solemn temples, the great globe itself. 

Tea, all which it inherit " were 
"Melted into air, into thin air," 

of such explosive quality that the report from firing a bubbleful 
leaves a deaf humming in the ears, and these were all blasted 
in one hideous crash ? What if a hundred of such worlds, all 
charged with the material of this horrid ruin, were fired suc- 
cessively in one long bellowing train, combining their pro- 
pulsive efforts like the contiguous grains of powder in a gim ! 
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What would be the limits of the projectile power of such a 
combination ? 

These are the startling questions which now flash up before 
our mental vision like monstrous phantoms that overawe the 
imagination^ and confound the intellect in our efforts to grasp 
their magnitude. But yet the solar explosions must commonly 
occur on this stupendous scale^ for the dissociated gases must 
be upheaved from the bowels of the sun, in exchange for the 
downrushing contents of the great spot cavities. The quantity 
thus upheaved mttst be proportionate to the contents of the 
spot cavities, and this mtist explode when it has dashed through 
the flames of the photosphere, and beyond the vaporous en- 
velope which bound its energies in previous restraint. As an 
example of the quantity of explosive material that may thus be 
ejected, I may refer to a great spot observed by Captain Davis 
on the 30th August, 1839, measuring 1.86,000 miles in its 
greatest length, and having a surface area of twenty-five 
thousand millions of square miles. Worlds of the size of ours 
might be poured by hundreds into such a cavity, like peas 
in a basin. 

166. I have hitherto spoken only of the elements of water 
concerned in this cosmic cannonade. These gases, however, 
are by no means all. The spectroscope has revealed the 
vapours of nickel, cobalt, copper, iron, chromium, manganese, 
titanium, zinc, cadmium, aluminium, magnesium, barium, 
strontium, calcium, and sodium, all of which are combustible, 
and capable of burning on the outer stratum of the photo- 
sphere by combination with the free atmospheric oxygen. 
With a few exceptions, such as zinc, cadmium, and sodium, 
the products of combustion of these metals would become solid 
particles shortly after they emerged from the photosphere, and 
a considerable proportion of the iron, nickel, cobalt, and 
copper, if rapidly projected through the photosphere, as they 
must be by these upheavals and explosions, might pass through 
this fiery ordeal without complete oxidation. 
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167. What will be the result of this sudden belching forth 
of metallic vapours from the fierce heat below, which kept them 
purely gaseous, into the regions beyond the photosphere where 

I the temperature is below their melting points ? 

It is obrions that under these circumstances there must 
€>ccur, according to the temperature, and to the boiling and 
melting points of the different gaseous metals thus projected out- 
wards, a series of precipitations analogous to those which occur 
to the gaseous water of our own atmosphere. There must be 
formed vesicular vapour, rain, snow and hail, resulting from 
the different degrees and circumstances of such condensation. 
The philosophy of terrestrial hail-storms is still very obscure ; 
we know the circumstances most favourable to the formation of 
haU-stones, but we know very little of how they are formed. 
We know that sudden and violent atmospheric disturbance, 
accompanied with fierce electrical discharges, are the most 
proiniiieiit conditions of their formation. Now these con- 
ditions must exist on a hugely exaggerated scale in the solar 
outbursts which bring the metallic vapours into the region of 
condensation; and therefore I think we are justified in sup- 
posing that while a large proportion of the metallic vapours 
may be precipitated in a form analogous to snow, another and 
more important proportion will, in the course of their conden- 
sation, be aggregated into concretions analogous to our hail- 
stones. 

168. Under circumstances strictly analogous, the vapours of 
metals would have a greater tendency to form such concretions 
than would the vapour of water, on account of the mnch 
greater suddenness with which the solidification of the metallic 
vapours must occur. The vapour of water gives out a very 
large amount of restored (or latent) heat in passing from the 
gaseous to the liquid state, then another large amount in solidi- 
fying, thus affording tim" it of the crj-stal- 
line structure of snr metallic 
vapour with its \ov heat. 
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would merely effect a suddeu collapse into the liquid, and 

thence to the solid form, just such as would produce metallic 
hail rather than metallic snow. 

169. A glauce at the list of inetala existing in the sun is 
suggestive of many curious speculations in connection with this 
part of the subject. When the great volley of their vapoun 
are poured forth into outer space having a gradually diminisli- 
ing temperature, a natural selective order of condenaatioB 
must of necessity occur. Those with the highest melting 
points, such as iron, titanium, chromium, manganese, nickel, 
cobalt, and aluminium, would be the first to precipitate. The* 
would probably be partly in the metallic state and partially 
oxidized. I say only partially oxidized, because although these 
vapours arc all readily combustible in the presence of free 
oxygen, they would under the circumstances supposed he 
opposed iu their struggle for oxygen by the hydrogen, the 
sodium, and the other metals that would seize it with so much 
greater avidity, 

170. So long as these metals, or their oxides, retain the 
gaseous condition, and arc not subject to any very excessive 
pressure, they may be detected either by their bright bands or 
their absorption lines in the spectrum, but immediately they 
assume the form of discrete solid or liquid particles, the spectro- 
scopist loses the clue to their separate identity, for then they 
produce a continuous spectrum, whether they emit the light of 
their own incandescence, or that which they may borrow and 
reflect. My explanations of the origin of tlie solar energies 
require that we should find the bulk of the solar prominencea 
composed of hydrogen, partly heated to incandescence previous 
to flaming, partly flaming, and partly united to oxygen and 
existing as incandescent aqueous vapour; that sodium vapour 
sbonld accompany it in a simdar state of incandescence, and 
that there should probably be also found at the lower portions 
of the prominence some vapours of the other more volatile 

I say probably for these, because the step between 
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■tlteiT volatility and that of sodium is a very wide one, and so 
also is that of iheir spectroscopic demonstrability. This latter 
property must not be oyerlooked in reference to this and similar 
questions. The non-existence of the bands of particular sab- 
stances in the spectroscope does not necessarilr prove their 
absence. We find sodium almost everywhere, not because it is 
more ubiquitous than several other substances, but because 
the brilliancy of its spectroscopic indications make it more 
readily evident. 

171. Before Ica^Tng this part of the subject I may say a 
few words on the brilliancy aud colour of the prominences. If 
these are, as now generally admitted, portions of the photo- 
sphere ejected into the chromosphere, why should they be so 
much less brilliant than the photospheric matter of the limb 
from which they are ejected ? Why should they be invisible ex- 
cept when the sun is darkened by the veiling moon, or when the 
solar light is liidden or diluted by artificial devices ? 1 am 
aware that any attempt has hitherto been made to explain this, 
but its explanation follows as a matter of course, if my views o 
the constitution of the photosphere be accepted. When we 
look at the limb of the sun, the line of vision penetrates an 
enormously greater thickness of flaming photospheric matter 
than when we look perpendicularly on the centre of the disc, 
but at the same time our vision must penetrate a correspond- 
ingly increased depth of chromosphere and its obstructing 
vapours. We know the immense difference between the appa- 
rent brilliancy of the sun, when seen at its summer midday 
height, and when viewed on the horizon across the vapours, 
etc., of the lower regions of our terrestrial atmosphere. If s 
few miles of our atmosphere, with its small proportion of 
aqueous vapour and dust-haze, can make all this difference, 
what must be the obstructive effect of all that enormous depth 
of aqueous vapotu- aud metal smoke through t ' ' rays 
from the edge of the solar limb must pass 
zontally across his rotundity on t 
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compensating action such as the increased depth of flame 
existed, the sun would merely present to us a small dazzling 
disc, with gradually fading brilliancy from its centre outwards; 
this would be surrounded by a waning nebulosity, darkening 
away to gradual extinction. We should probably see nothing 
of the outer edge of the photosphere, but in its place only the 
vapours illuminated by the absorption of its radiations, 

172. A diminution of mean luminosity proceeding from the 
centre of the auu towards his limb has been observed, aud its 
extreme limits arc estimated by Sir W. Herschel as 1000 to 
469. But if the difference between a perpendicular aud obliqne 
passage of raya through the little bit of atmosphere between 
us and our visible horizon, can make all the difference between 
the blinding dazzle of the tropical midday sun and the dull 
copper-coloured orb seen on the tropical horizon, the obacura- 
tion due to a corresponding difference of obstruction of the 
radiations through the sun's own atmosphere must far exceed 
the ratio of 1000 to 469. The increased luminosity due to the 
accumulated concurrent radiations from a proportionally greater 
depth of photosphere are required to explain this comparatively 
small degree of difference. 

173. The prominences rising from the limb of the sun only 
radiate from the thickness of their diameter, probably much 
less than this, as their explosion is not instantaneous but 
evidently progressive, as should be theoretically anticipated 
from its necessary concurrence with the rate of radiation. They 
must be to some extent hollow flames, or mixtures of flame and 
incandescent gas and vapours. This theoretical view of their 
constitution is confirmed by the spectroscope. They will thus 
present a very much thinner or shallower body of flame, or 
photospheric matter, than the bending edge of the photosphere 
which forms the limb itself; and their luminosity should be 
proportionably less, — quite as much less as it is actually found 
to be. 

174. The colour of the prominences is thus described fay 
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Mr. Pope Hennessy:* — ^^It seemed to be a tower of rose- 
coloured clouds. The colour was most beautiful, — more beau- 
tiful than any rose-colour I ever saw; indeed, I know of no 
natural object or colour to which it can be, with justice, com- 
pared. Though one has to describe it as rose-coloured, yet in 
truth it was very different &om any colour or tint I ever saw 
before.'* This colour may be partly a result of absorption, as 
the vapour of water absorbs chiefly the blue rays, and much of 
it maybe due to the actual colour of incandescent solid particles 
constituting the metallic snow flakes and hailstones, whose 
formation I have already described. The further evidence of 
the existence of such ejected solids will form the subject of the 
next chapter. 
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'An account of Observations of the Total Eclipse of the Sun, made August 
18th, 1868, along the coast of Borneo." By His Excellency, J. Pope Hennessy, 
Governor of Labuan. Proceedings of the Eoyal Society , vol. xvii., page 85. 
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CHAPTER XII. 



THE CORONA AND ZODIACAL LIGHT. 

WHAT BECOMES OF THE SOLID MATTEE OF THE PE0MINENCE8 ?— MY EX- 
PLANATION OF THE "COEONA" — QUIXLEMIN'S DBSCEIPTION OF THE 
COEONA — ME. WAESEN DE LA EUE'S DESCEIPTION OF THE COEONA^ 
MB. POPE HENNESSY'S DESCEIPTION OF THE COEONA — THESE DE8CBIP- 
TIONS CONTEADICT ATMOSPHEBIC HYPOTHESES — THESE DE8CEIPTION8 
SUPPOET MY HYPOTHESIS — THE SPECTETTM OF THE COEONA — ELEC- 
TEICAL DISCHABQBS analogous to those of the AUBOBA B0BEALI8 
MUST OCCUB IN THE COEONA— THE LIMITS OF THE COEONA— THB 
OBIGIN OF THE ZODIACAL LIGHT— SIE JOHN HEBSCHEL'S DESCBIPTION 
.OF THE ZODIACAL LIGHT— THE FOBM AND POSITION OF THE ZODIACAL 
LIGHT COBBESPONDS WITH MY EXPLANATION — ^VABIATIONS OF THE 
ZODIACAL LIGHT — THE DENSITY AND OPACITY OF THE ZODIACAL LIGHT 
— THE COLOUE OF THE ZODIACAL LIGHT — THE SCINTILLATIONS OF THE 
ZODIACAL LIGHT — PEEIODICAL FLUCTUATIONS OF THE ZODIACAL LIGHT. 

175. In the last chapter I have stated my reasons for con- 
cluding that the solar prominences contain not only ejections of 
gaseous matter, but, in addition to these, abundant vollies of 
solid metallic matter, both in the reguline and oxidized state. 
This conclusion opens another very interesting question, viz., 
What must become of the solid particles thus involved in these 
furious explosions? To answer this question we must again 
consider the magnitude of the forces at work. Mr. Lockyer 
says, "In one instance I saw a prominence 27,000 miles high 
change enormously in the space of ten minutes; and lately I 
have seen prominences much higher bom and die in an hour.^'* 

* Macmillan^s Magazine, August, 1869. 
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The prominence observed duriug the totul eclipse of 1S43, named 
the "Turkish cimeter" by Mr. Dawes, and "the boomerang" 
by the Astronomer Royal, was 70,000 miles high supposing that 
it originated precisely at the extreme edge of the sun's disc. If 
it started from any other part it must have been mueli higher. 

176. It is evident that the projectile force that can eject 
gaseous matter through a resisting medium to a distance of 
70,000 miles must be capable of throwing the solid particlo to 
a vastly greater distance ; and these protuberances, of greater or 
less magnitude, being ordinary solar pheuomena, the sun must 
be continually throwing out particles of metals and metallic 
oxides in all directions, if my theory of his constitution be 
sound. Have we any evidence of the outpouring streauia of 
such material, and of the raining back of thonc portions wliii^h 
solar gravitation has reclaimed ? ] think I may safely itnawer 
this question in the affirmative, and assert that tlic " corona," 
which is visible during the few minutes of total uclipMi of tlin 
sun, consists of the solid particles thus in course of ejection 
and return. This corona has been attributed to a gnsat ei- 
tension of the solar atmosphere ; but the recent rcsoarchc* of 
Messrs, Frankland and Lockyer have, I think, «ati"factorily 
shown that the density of the solar atmosphere at, or atH)ui, tlic 
surface of the photosphere is little, if any, greater than that iif 
our own at the sea level. 

177. I have never had the privilege of witncswng a total 
echpse, and therefore can only refer to published dcscriptiona 
and drawings to learn whether the appearances correspond with 
the explanation I offer. M. Guilleinin thus dcitcribcs tho 
corona. "Some minutes before and aft^r, l)ut especially during 
the totality, a luminous appearance in the form of a halo sur- 
rounds the sun, and throws in every direction rays of liyhl 
separated by dark spaces. In many total eclipses, independently 
of the regular corona, other ligi * the rays of which 
have directions more or less ea 'rkcd irre- 
gviarly Htualed on i tail the 
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coronas of several total eclipses, The colour of the conl 
which immediately surrounds the dark disc is sometimes oM 
pearly or silvery white, — sometimes yellowish, and even tfl 
The explanation generally given of this corona is, that it ind 
catcs the existence of a solar atmosplierc enveloping the ladisfl 
body to an enonnous distance."* I have copied the plate wlufl 
is here referred to, in which fig. 1 represents an "atunn 
eclipse; fig. 2, "Annular Eclipse of the 13th May;" fig.'fl 
" Total Eclipse of 28th July, 1851 (Dawes) ;" fig. 4, " Eclifl 
of 1858 (Lias);" fig. 5, "Total Eclipse of 18th July, IM 
(FeUitzsch) ;" fig. 6, "Total Eclipse of 8th July, 1843." 1 

1 78. In the Eakcrian Lecture " Ou the Total Solar Ec^n 
of July, 18G0, observed at Uivabcllosa," Mr. Warren de la id 
says, " No attempt was made to obtain accurate obscrvatiooBfl 
the corona, but nevertheless a few seconds were devoted to tlQ 
phenomenon. Even several minutes before totality the whol 
contour of the moou could be distinctly seen; when totalis 
had commenced, the moon's disc appeared of a deep brown ij 
the centre of the corona, which was extremely bright near tU 
moon's limb and appeared of a silvery white, softening oS torn 
a very irregular outline and sending forth some long stremm 
It extended generally to about from 07 to 0-8 of the motHa 
diameter beyond the periphery."t "The long streams"' A 
served by Mr. De la Rue are apparently the same aa are depictJ 
by M. Feilitzsch in his representation of this same eclinJ 
Figure 5. ■ 

179. In "An Account of Observations of the Total Eclm| 
of the Snn, made Angnst 18, 1868, along the coast of Borne™ 
By His Excellency J, Pope Hennessy, Governor of Labmq 
published iu the Proceedings of the Royal Society, vol. ij 
p. 85, the following description is given of the corona. " Sn^ 
denly there burst forth a luminous ring round the moon. Thi 
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ring was composed of a multitude of rays quite irregular in 
length and in direction; from the upper and lower parts they 
extended in bands to a distance of more than twice the diameter 
of the eim. Other bands appeared to fall towards one side ; but 
there was no regularity, for bands near them fell away apparently 
towards the other aide. When I called attention to this, Jjieut, 
Ray said, 'Yes, I see them; they are like horsed tails;' and 
they certainly resembled masses of luminous hair in complete 
disorder." Figure 7 is a copy of the sketch which accompanies 
this paper. The "horses' tails" are plainly shown. 

tKg. 7. 
). The italics of the above quotations arc my own. I 
larked them to indicate tliose features which are utterly 

inexplicable upon the hypothesis which aacribea the corona to 
an extension of the solar atmosphere, or " to vapours of exces- 
sive tenuity, existing at an immense height in our own atmo- 
sphere."* Either of these explanations absolutely demand a. 
symmetrical, homogeneously diffused and regularly gradnated 
halo of light, and are flatly contradicted by " rays of light, 

mi/mr Lei-luret, liv Sir John Ilerseliel, p. 
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. separated by dark spaces ;" or " other light portions, the rays 
of which are more or less eccentric and irregularly situated on 
its contour;" or the " irregular outline and sending off some 
long streams;" or the "multitude of rays, quite irregular in 
length and direction;" or those "other bands" which "ap- 
peared to fall towards one side;" or tlie resemblance to 
" horaea' tails," or " masses of luminous hair in complete 
disorder." 

181. On the.other hand, these extraordinary irregularities 
stand forth most strikingly in support of my hypothesis. The 
irregular distribution of the prominences demand irregularity 
in the volleys they pour forth, and each of the bands or 
" horses' tails " is exactly what I require to represent a charge 
of solid fragments projected by the bursting of one of these 
mighty shrapnels. The cecentricity, the irregular length and 
direction, and the appearing to fall on one side, is exactly what 
must occur when such prominences as the " boomerang," the 
" goat's horn," the " dog's tooth," etc., shoot forth their vollies 
in a tangent to their curved contour. The long radial streams 
extending beyond the rest, and of excessive brilliancy, are 
obviously explained as the stream of missiles from prominences 
of extraordinary magnitude and projectile power. The cloudy 
patches on fig. 4 are also easily explained as agglomerations 
of missiles projected by tlie short and sudden bursting of the 
upheaval from a symmetrical spot of great depth but small 
area. The upheaval from such a cavity would approach to the 
form of a spherical mound or huge bubble bursting violently 
and collapsing rapidly; while the large irregular spots with 
several umbrae would upheave a succession of such mounds, 
resulting in a protracted rocket-like explosion, projecting a long 
stream of missiles such as are most strikingly shown in figures 
6 and 6. 

182. The results of spectroscopic examinations of the 
rona also afford the strongest possible confirmations of my 

I hypotheses. Such a stream of incandescent solids should ex- 
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Ittbit a continuous spectrum, the feebleness of their light should 
of course produce but a feeble spectrum of this kind. The 
spectrum of the corona is described as " a feeble continuous 
Bpectrum." This was all the information the spectrum afforded 
until recently, but the last total solar eclipse observed in 
America in 1869, has revealed an additional spectroscopic fact 
which, according to Mr. Lockyer, " is bizarre and puzzling to 
the last degree.'^* This puzzling revelation is, that besides 
the feeble continuous spectrum, there are three bright lines 
coinciding with those which have been previously observed as 
peculiar to our aurora borealis. This fact, so far from being 
bizarre or puzzling to me, is precisely what I wanted to satisfy 
the imperative demands of my esplanation of the corona. 

183. We know that when steam issues with great rapidity 
through an orifice of either metal or wood, as in the Arm- 
strong's hydro -electric machine, or from an ordinary high- 
pressure boiler, the friction between the steam and the solid 
produces strong electrical excitation and consequent electrical 
discharges; and that the presence of potash or soda mingled 
vrith the steam greatly increases the amount of electrical exci- 
tation. The old lecture-table experiment of blowing air from a 
bellows upon the cap of the gold-leaf electrometer, illustrates 
the same kind of excitation. Now the furious rushing of 
these metallic particles through the air and aqueous vapour 
intermingled with soda, etc., such as must surround the buu 
if my views are correct, must produce electrical discharges; 
and the great rapidity of projection must compensate for the 
rarity of the medium through which the projectiles are flying. 
If then the aurora borealis be, as may now be considered 
demonstrated, an electrical discharge taking place in the upper 
and highly rarefied region of the earth's atmosphere, its spectrum, 
whatever that may be, ought to be repeated by the corona. 
The spectra of electrical discharges are known to vary with 
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the media in whicli they take place. Now the aurora occurs at 
an elevation where the special atmospheric accumulations of the 
earth are thinning towards emergence into the general medinm 
of space^ and the corona occupies a corresponding relative 
position to the atmosphere of the sun and the same universal 
medium. 

184. It is quite obvious, both from these figures and the 
recorded descriptions of the corona, that its limits do not 
represent the end of the journey of the bulk of these missiles. 
In fig. 4 there are five curves which may represent vollies 
of oblique projectiles that have completed their utmost excur- 
sion from the sun within the limits of the corona, and are 
returning in something like the ordinary parabolic curve of 
terrestrial projectiles; but the other radial straight lines, if 
they represent the path of bodies ejected from the sun, tell us 
very plainly that they only indicate the start for a much 
longer journey; that we must look much further for the 
curvilinear path that indicates the commencement of return. 
The limits of the visible corona are due to radial diffusion and 
loss of luminosity. 

185. The zodiacal light presents exactly the phenomena 
required to satisfy these theoretical requirements. Here is a 
lenticular zone of nebulous matter, having just the form and 
position which a dense cluster of solid particles projected 
outwards from the spot-regions on either side of the solar 
equator should attain if those particles continued their journey 
far beyond the visible Umits of the corona, and then, at varying 
distances, terminated their radial excursion in the curvilinear 
resultant of the two forces of explosive projection and solar 
gravitation. 

186. It is thus described by Sir John Herschel; ''The 
zodiacal light, as its name imports, invariably appears at the 
zodiac, or, to speak more precisely, in the plane of the sun's 
equator which is 7° inclined to the zodiac, and which plane, 
seen from the sun, intersects the ecliptic in longitude 78° 
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^^KS5S°, or so much in advance of the eqiiinoctial points. In 
^^Bequence it is seen to the hcst advantage at, or a little after, 
^R equinoxes, after sunset in the spring, and before sunrise at 
the autumnal equinox, not only because the direction of its 
apparent axia lies at those times more nearly perpciidicular to 
the horizon, hut also because at those epochs wc arc approaching 
the situation when it is seen most completely in section. At 
the vernal equinox the appearance of the zodiacal hght is that 
of a pretty broad pyramidal, or rather lenticular, body of light 
which begins to be visible as soon as the twilight decays. It 
is very bright at its lower or broader part near the horizon, and 
(if there be broken clouds about) often appears Hke the ghiw 
of a distant conflagration, or of the rising moon, only less red. 
At higher altitudes its light fades gradually, and is seldom 
traceable much beyond the Pleiades, which it usually, however, 
attains, and involves; and its axis at the vernal equinox is 
always inclined (to the northward of the equator) at an angle 
of between 60" and 70° to the horizon ; where also it is broadest, 
occupying in fact an angular breadth of somewhere about 10° 
or 13° in ordinary clear weather." 

187. This pyramidal or lenticular form, with its axis coin- 
ciding with the solar equator, is exactly the form and position 
which should be assumed by the aggregation of missiles, projected 
mainly from the two spot zones, situated about equidistant on 
either side of the solar equator, and nearly parallel to it. 
There are, however, some small discrepancies between the posi- 
tion assigned to the zodiacal hght by different observers. M. 
GuiUemin says, " It is to be remarked that the direction of the 
axis of the cone, or of the pyramid, prolonged below the hori- 
zon, always passes through the sun. It was believed at first 
that this direction precisely coincided with the solar equator, 
but it seems more certain that it coincides with the plane of 
the earth's orbit, or the ecliptic." In a note is added that, 
"The recent observations of Mr. Heis, of Munster, and Mr. 
Jones, at Japan, made simultaneously, show, howe* 



128 



THE FUEL OF THE SUV. 



of the lumiuous cone as formiDg an angle witb the latter 
plane.* 

188. These small differences between observations made at 

different times, and coincidences between observations made 
simultaneously, suggest an explanation similar to that of the 
old story of the chameleon ; for it is certain that the zodiatal 
light varies very greatly from time to time in dimensions and 
brilliancy, and if my explanation of its origin is correct, tlie 
direction of its axis must vary somewhat with the changes in 
the general positions of the spots and the consequent variationi 
of the resultant of their projectile forces. 

189. As the outer boundary of the zodiacal light should 
represent the outer limits of ordinary abundant projection, we 
may expect that somewhere within this distance, i. e,, nearer to 
the sun, we should find something like the mean distance (rf 
ordinary projection. There, of course, the projectiles will be 
the most abundant and the thickest. In strict accordance with 
this, it is found that proceeding downwards towards the horizon 
the zodiacal light becomes not only brighter and broader, but 
obviously more dense, for Mairan, " who occupied himself with 
this phenomenon in the days most favourable for observation," 
found that " It was only towards the apex that he cotild discern 
the small stars in the region on which the light was pro- 
jected, "f This indicates a degree of opacity juat such aa should 
be exhibited by such a group of particles, where they are moat 
closely packed, and differs very materially from the trans- 
parency of cometary matter to which the zodiacal light has 
been compared. 

190. It is also an interesting fact that so many observers, 
such as Mairan, Derham, Arago, Chacornac, etc., describe the 
" yellowish red" colour of the zodiacal light in nearly the same 
terms as the eclipse observers describe the outer region of the 
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tMs " yellowish red colour" is obBerved only in the 
ions of the zodiacal light which are nearest to the sun, and 
the portions of the corona which are furthest from it, and 
this outer part of the corona seems to be brighter, more 
■, and less red than the inner part of the zodiacal light, 
while the part of the corona nearest of all to the sun is "pearly 
white/' or " silvery white,^' it would appear as if we have thus 
presented a visible manifestation of the gradual cooling of these 
bodies as they recede from the sun. If so, their luminosity 
must result from a comljination of reflected sunlight and of 
light directly radiated by their own incandescence. In either 
case the spectrum of the zodiacal light, like that of the corona, 
should be feebly continuous. I have not met with any record 
a spectroscopic examination of the zodiacal light. 

191. "Cassini and Mairan have observed in the luminous 
.omeutaiy sparklings, which they explain by the rapid 

movements of its particles, alternately preaenting faces of un- 
equal size ; nearly in the same way as one sees the grains of 
dust sparkling in the rays of the suu, when they penetrate into 
the interior of a dark room."* Crystals capable of producing 
such sparklings, and masses of irregular shape presenting vary- 
ing facets, would probably exist among the particles of metallic 
oxides, etc., which I suppose to constitute the zodiacal light, 
bat I can hardly conceive that their minute scintillations would 
idsible at so great a distance. Some such scintillations mayj 
■er, be fairly expected as a visible result of the coUisiouB 
lat must of necessity occur between the ascending and de- 
cendiug fragments ; especially where some of the larger and 
denser projectiles, of which I shall presently speak, are shooting 
onward with great velocities. Some of these collisions should 
luce flashes of considerable iutenaity. 

192. I shall presently explain that I regard the zodiacal 
light as mainly consisting of the lighter portions, the smaller 
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fragments, and tbe more completely oxidized material of the 
solar projectiles; those which liave been ejected with a great, 
hut not with the maximum projectile power, and whichj/or thi 
moat part, are ultimatclyre claimed by solar gravitation. Ac- 
cording to this view, the total quantity of matter thus sus- 
pended about the sun must vary according to the activity of 
the sun's projectile energies, and this variation should be mani- 
fested by corresponding fluctuations in the brightness and mag- 
nitude of the zodiacal light, which should present tlie greatest 
magnitude and brilliancy at those periods when the sun spots 
are most numerous, and be the least visible in the opposite 
periods of solar calm. This expectation is fully verified by 
actual observation. It has been found that the periods of 
greatest spot development correspond with those of the greatest 
development of the zodiacal light. In reference to this I should 
explain that I regard the outline of this luminosity as rudely 
representing the resultant of the outlines of the orbits which 
must be attained by some of the projected bodies; orbits 
having of course a certain degree of permanency, which, how- 
ever, would be limited by the resistance of the general medinm ; 
this resistance varying inversely with the magnitude of sucL 
gravitating fragments. Their orbits should be ellipses of almost 
every conceivable degree of eccentricity, from a straight line 
retnmiug upon itself, due to absolutely vertical projection, to k 
circular orbit, produced by the tangental projection of such 
curving prominences as the " ram's horn," etc. The outline <rf 
the zodiacal light would be formed by the termination or aphe- 
lion portion of these excursions, or of such a number of them 
as by their combination should be sufficient to produce a visible 
result. 
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193. I HAVE already stated reasona for concluding that the 
limits of the corona are by no means the limits of the projectile 
euei^ of the aolar outbursts, and that the radial vollies of 
solid matter continue to the visible limits of the zodiacal light. 
Ib this the outermost range of such projection, or may there 
yet be some wandering fragments flying out farther still, 
assaming the dignity of planetary independence, and rolling 
through apace in stable orbits, thus forming a permanent outer 
fringe to the zodiacal light? 

s 2 



182 THE FUEL OF THE SUN. 

194. Mr. Lockyer tells us that he has watched prominences 
about 30^000 miles high^ whose birth and death have been com- 
pleted in an hour. This indicates an average velocity of 30,000 
miles an hour, but what is the initial velocity ? If the pro- 
minences which he observed had consisted of solid projectiles, 
there would be no diflSculty in calculating this according to the 
known laws of acceleration of falling bodies ; but here we have 
the case of gaseous matter projected through other resisting 
gaseous matter. If a cannon-ball were projected perpen- 
dicularly we could calculate its initial velocity if we thus knew 
the height attained, and the time required to reach it; but if 
we knew nothing more than the length and duration of the 
flash of the gun, we could form but a very rough estimate of 
the distance to which the ball might be thrown. In the case 
before us the flash of the gun has been seen and measured, 
and we can make a rough estimate of the charge, but the 
problem of determining the range of the shot is by no means 
an easy one. 

I have made some attempts to calculate the projectile force 
of these tremendous outbursts, but am not satisfied with the 
data upon which any of them are founded, and therefore put 
them aside at present, as I do believe that there is much truth 
veiled in the paradox that " there is nothing so deceptive as 
facts, excepting figures,'^ for if hypotheses are stated as facts, 
and loose estimates are put into the shape of precise figures, 
we are apt to form definite ideas without a justifiable basis, and 
are led to rely upon them as upon exact knowledge, instead of 
leaning upon them with the caution due to fragile suppositions. 

195. At present, therefore, I prefer to speak very generally, 
and merely to venture an opinion that the magnitude of the 
charge producing these explosions, if compared with that of 
our human artillery, justifies us in assuming that the solid 
metallic hailstones, precipitated under circumstances most 
favourable for acquiring the highest projectile velocity, may be 
thrown far beyond the earth^s orbit. We must not forget 
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that the prominences seen only during the momentary glimpses 
of a total eclipse^ or caught in the slit of the spectroscope 
during the very recent period of such observations, are but the 
flashes of the ordinary any-day solar artillery; and that wc 
have evidence of occasional outbursts of immensely greater 
magnitude than these. I refer, of course, to those which shake 
the needles of our magnetic observatories, and announce their 
presence by auroral flashes, and by the messages they send 
along our telegraph wires. 

196. Sir John Herschel thus describes one of these, '^ There 
occurred on the 1st September, 1859, an appearance on the sun 
which may be considered an epoch, if not in the snn^s history, 
at least in our knowledge of it. On that day great spots were 
exhibited; and two observers, far apart and unknown to each 
other, were viewing them with powerful telescopes; when 
suddenly, at the same moment of time, both saw a strikingly 
brilliant luminous appearance, like a cloud of light far brighter 
than the general surface of the sun, break out in the immediate 
neighbourhood of one of the spots, and sweep aero$$ and be$tde 
it. It occupied about five minutes in its passage, and in that 
time travdled over a space on the sun^s murfaee which could nr/t 
be estimated at less than S5fi00 miles. A magnetic storm w2a 
in pr og re s s at the time. From the 28th of Auimt to the 4th 
of September many indicatians sir/wed the earth to hare been 
in a perfect oonvuIrioD of electro-ma^Detism. When one of 
the o b a enc i s I have mentioned had regntered his observation^ 
he bedMiag^ hknmt4€ fj[ sending to Kfnr, where tbtrt are self' 
regiflteiing nagnetie instroments always at work^ reiw f din g hr 
photiogr^liT at every instant of t!^ twentr^fiwr br/vn 4^ 
p ^>i « ia of diiee magnede neiedkai i'zH^f^rtaihr vrrzLi^pA, 0& 
exaBning the leeofd for that dar^ h w» f>»md tLa$ at dU^ rtrr 
monMBt of tine » if di^ irfhe^^?*: &»! arrfr»ii wrrl, tic*: 'zj&z 
aD Anse had naade a i&r&idT s^anc^ '/tl irxe^ 'ijfxj irjnust 

Oft the B3^;3s ^d tiMe Caf t. irx 'ajj :a ^a^ae 
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latitudes^ but at Rome ; in the West Indies ; on the tropics 
within 18° of the Equator (where they hardly ever i^pear); 
nay^ what is still more striking^ in South America and in 
Australia; where at Melbourne^ on the night of the 2nd Sep- 
tember^ the greatest aurora ever seen there made its appear- 
ance. These auroras were accompanied with unusually great 
electro-magnetic disturbances in every part of the world. In 
many places the telegraph wires struck work. They had too 
many private messages of their own to convey. At Washing- 
ton and Philadelphia^ in America^ the tel^raph signahnen 
received severe electric shocks. At a station in Norway the 
tel^raphic apparatus was set fire to ; and at Boston in North 
America a flame of fire followed the pen of Bain^s electric tele- 
graphy which^ as my hearers perhaps know^ writes down the 
message upon chemically prepared paper.^'^ 

197. As all these collateral phenomena so vastly surpassed 
in magnitude those which accompanied the formation of such 
a prominence as the ^^ boomerang/' measuring 70^000 miles in 
height^ we may safely infer that the outbursts which produced 
them^ — one of which was seen as a great flash even upon the 
dazzling face of the sun itself, — must have produced promi- 
nences which, had they been seen in profile like the boomerang, 
would have been many times greater than this, and must have 
projected their contents with proportionally greater energy. 

198. I have stated that those metallic hailstones which are 
precipitated under circumstances most favourable for acquiring 
the highest projectile velocity, would probably pass beyond the 
orbit of the earth. Now, which are these? Obviously those 
which would be the first to solidify, and thus obtain the highest 
initial velocity, and those which would best retain their metallic 
condition and thus havei;he greatest density. Which will best 
{i\]Sl these conditions ? Looking over the list of metals in the 
awn (sect, 166), the answer to this question is easily supplied. 

* Familiar Lectures, p. 79. 
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They are iron^ nickel^ cobalt^ chromium^ manganese^ titanium, 
and aluminium. Copper comes next, but its melting point is 
comparatively low. Do hailstones of such composition fall 
upon, the earth as they occasionally should if projected by the 
sun as far as I suppose ? 

199. There is no difficulty in answering this question. The 
chemical composition and mechanical structure of meteorites^ 
afford most direct and decided confirmation of this yiew of their 
origin. Their chief constituent is iron, which the spectroscope 
finds to be so abundant in the solar envelopes. This is not only 
the most abundant metal, but it is also an invariable constituent 
of meteorites. The most fi-equent and characteristic metallic 
constituents next to iron are just those which have the properties 
best adapting them to solidify when the highest projectile velo- 
city would be attained, such as nickel, cobalt, chromium, man- 
ganese and aluminium.* 

200. In concretions formed in the manner supposed, we 
should expect to find that the iron, and other metals above 
named, would be partly in the metallic state and partly oxidized. 
This is exactly the case in aerolites. We should also expect to 
find as irregular constituents, some of the other solar elements 
that would of necessity be sometimes caught up and entangled 
with the chief ingredients while in the act of precipitation and 
solidification. They are found accordingly, and with just the 
sort of irregularity that might be expected. 

201. The most interesting of these is the occluded hydrogen 
discovered by Professor Graham as a constituent of meteoric 
iron. Having proved that iron possesses so remarkably the 



» Titanium does not appear to have been detected. My own experience in 
the analysis of compounds containing large proportions of iron and silicon with 
small traces of titanium, leads me to conclude that, unless titanium has been 
specially sought for by a chemist who has had some special experience in its 
determination, it would, if present in small quantities, most probably be thrown 
down, partly with the iron and partly with the silicon, and thus be altogether 
overlooked. 
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property of condensing within itself a considerable quantity of 
the gases with which it was surrounded during the period of its 
solidification^ he proposed to learn something of the previous 
history of meteoric iron, by submitting it to the same examina- 
tion as that to which he had subjected the other samples of iiOE 
prepared in fiimaces of human construction. The specimen he 
examined was a piece of the meteoric iron of Lenarto, whicli 
the analysis of Werle had shown to be composed of 

Iron . . 90-883 

Nickel . 8-450 

Cobalt . 0-665 

Copper . 0-002 

Professor Graham found that when a piece of this iron 
having a bulk of 5-78 cubic centimetres, was heated to redness 
in a vacuum, '^ gas came oflF rather fireely, namely 

In 35 minutes 5*38 cubic centimetres. 

,, 100 „ 9-52 

., 20 „ 1-63 

In 2 hours 35 minutes . . 16-53 „ 

" The first portion of the gas collected had a slight odour, 
but mach less than that of the natural gases occluded by ordi- 
nary malleable iron. The gas burned like hydrogen. It did 
not contain a trace of carbonic acid, nor any hydro-carbon 
vapour absorbable by fuming sulphuric acid. The second por- 
tion of gas collected, consisting of 9*52 cubic centimetres, gave 
by analysis — 

Hydrogen . . 8*26 cubic centim*. = 85*68 per cent. 
Carbonic Oxide 0*43 „ „ 4*46 „ 

Nitrogen . . 0*95 „ „ 9*86 „ 

9*64 100*00 

*^The Lenarto iron appears, therefore, to yield 2*85 times 
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1 Tolame of gas, of which 86 per cent, nearly is hydrogen. 
■TThe proportion of carbonic- oxide ia so low as JJ per cent. 

" The gas occluded by iron from a carbonaceous fire is very 
diflferent; the prevailing gas then being carbonic -o side. For 
comparison, a quantity of clean horse-shoe uails was submitted 
to a similar diatillatiou. The gas collected from 23'5 grammes 
of metal (S'Ol cubic centimetres) was — 
I In 150 minutes 540 cubic centimetres. 

^^L „ 120 3-58 

^^P In 4. hours 30 7-08 

"The metal has given 2'66 times its volume of gas. The 
first portion collected appeared to contain of hydrogen 35 per 
cent. J of carbonic oxide 50-3, of carbonic acid 7'7, and of 
nitrogen 7 per cent. The latter portion collected gave more 
carbonic oxide (58 per cent.), with less hydrogen (21 per cent.), 
no carbonic aeid, the remainder nitrogen. The predominance 
of carbonic oxide in its occluded gases appears to attest the 
telluric origin of iron. 

" Hydrogen has been recognized in the spectrum analysis of 
the liglit of the fixed stars, by Messrs. Huggins and Miller. 
The same gas constitutes, according to the wide researches of 
Father Sccchi, the principal elements of a numerous class of 
stars, of which a Lyrte is the type. The iron of Lenarto has 
no doubt come from suck an atmosphere, in which hydrogen 
greatly prevailed. This meteorite may be looked upon as hold- 
ing imprisoned within it, and bearing to na, the hydrogen of 
the stars. 

" It has been found difficult to impregnate malleable iron 
with more than an equal volume of hydrogen, under the pres- 
sure of our atmosphere. Now the meteoric iron (this Lenarto 
iron is remarkably pure and malleable) gave up about three 
times that amount, without being fully csbansted. The in- 
ference is that the meteorite has been extruded from a dense 
of hydrogen gas, for which we must look beyond 
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the light cometary matter floating about within the limits of li 
our solar syatem."* I 

202, I have thus transcribed the greater part of this in- 1 
teresting paper, as it has so important a bearing upon this part 1 
of my subject. The italics are nay own. After what I hate 1 
already stated, I think we need not go beyond " the limits of I 
our solar syatem " to find the " dense atmosphere of hydrogen ' 
gas," or the " atmosphere in which hydrogen greatly prevailed," , 
in order to aceount for the composition and quantity of gM J 
thus occluded. This iron coming, as I suppose, from the greaifl 
depths of the strata of dissociated water, etc., and having beenfl 
subject diu'ing the period of its solidification to the trcmendond 
pressure of the explosion that hurled it forth, must be expectrtH 
to contain not only a greater proportion of hydrogen gas thaa* 
ordinary iron, but a larger absolute quantity than it could take 
up under ordinary pressures. My hypothesis demands exactly 
what Professor Graham has found. ■ 

203. Among the substances occasionally found in meteorihM 
are carbon, sulphur, and silicon, neither of which are includej| 
in the list of elements that have been found in the sun by means 
of spectrum analysis. We are, however, by no means justified in 
concluding therefore that they do not exist there, for these a 
most of the other non-metallic elements are just the substai 
concerning which the spectroscope gives very ambiguous in 
mation. The carbon spectrum is very variable. The coB( 
bustion of carbonic oxide gives a continuous spectrum, \ 
which we can identify uotldng, as it supplies us with no info 
mation as to which of the solar lines are due to the absorp 
of its combustion products. 

Now Deville has shown that when carbonic acid is < 
sociatcd by heat it is split up into carbonic oxide and oxygen ; 
therefore if my views are correct, and carbonic acid ia a part of 

kthe general atmospheric medium, as it is of our atmospbeiBf ■ 
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the carbonic oxide would only contribute to tbe general con- 
tinuous Bpectrum of the sun, and thus its carbon could not be 
identified by the spectrum. Some compounds of carbon, such 
as cyanogen and hydro- carbons, do give special carbon lines 
that may be recognized, but these organic compounds are not 
likely to be burning in the sun. 

2&i. Sulphur is also very strongly addicted to the produc- 
tion of a continuous spectrum, and like carbon and nitrogen 
gives varying spectra. Dr. Boscoe thus summarizes its beha~ 
viour : " When sulphur burns in the air, or when carbon 
disulpbide bums in nitric oxide, a continuous spectrum is ob- 
served. If a little sulphur be introduced into a narrow 
Geiasler's tube, and the air withdrawn, a band spectrum of the 
first order is seen, upon warming the tube and passing the 
spark througli. On continuing to heat the tube these bands 
change to bright lines,"* As the conditions under which 
sulphur would probably bum in tbe sun are quite unlike those 
of the narrow Geissler's tube, it would, if there, most probably 
produce a continuous spectrum, and could not be detected by 
the spectroscope - 

205. As regards silicon, which in combination with oxygen 
and the metals is an abundant and important constituent of 
some meteoric stones, I need only refer to the following facts to 
prove that the negative evidence of the spectroscope is, in 
respect to this element, not at all worthy to be taken into 
account. 

206. Dr. Roscoe and Dr. Watts have devoted a considerable 
amount of time, and care, and skill, to the examination of the 
spectrum of the Bessemer flame, and have pubhshed the results 
of their researches; but neither of them have detected any 
spectrum indications of silicon. Dr. Roscoe's esperiments 
were made at the works of Sir John Brown and Co., Sheffield, 
and he concludes his statement of the results with the following 

" Specirvm Ana^aii, Sis Leoturea, by Ilenry E. Roscoe, B.A., Ph.D., 
P.E.8., p. 133. 
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remarks. '^ Those who are practically engaged in working this 
process would like spectrum analysis to do a great deal more; 
they would like to be told whether there is any sulphur, 
phosphorus^ or silicon in their steel: questions which unfor- 
tunately, at present, spectrum analysis cannot answer, for this 
very good reason, that these substances do not appear at all as 
gases in the flame, but that they either remain unvolatilized in 
the molten metal, or swim on its surface in the slag of the ore; 
and consequently the lines of these bodies are not seen in the 
spectrum of the flame/^* 

207. I have no doubt that Dr. Roscoe is perfectly right in 
his statement that neither of these elements can be detected by 
the spectroscope under the conditions existing in the Bessemer 
flame, but his explanation of the fact is certainly erroneous as 
regards silicon, and probably so in reference to sulphur and 
phosphorus. I have analyzed all the brands of pig iron used in 
the Bessemer converters of Sir John Brown and Co., and find 
that the average proportion of silicon contained in them is a 
small fraction below 3 per cent. Assuming that one-third of 
this is oxidized in the cupola, there remains 2 per cent, in the 
converter charge. Now as each of the converters on which 
Dr. Roscoe made his experiments receives a charge of above 5 
tons, it must contain 2 cwt. of combustible silicon, and as the 
whole of this is oxidized during the blow. Dr. Roscoe repeatedly 
witnessed and examined the combustion of 2 cwt. of silicon in 
about twenty minutes without detecting any trace of it in the 

flame. 

It is true that a portion of this silicon which is oxidized 
during the passage of air through the molten metal does com- 
bine with the iron, and forms a cinder which floats on the top 
of the steel, but another and a very considerable portion of the 
silicon is burning simultaneously with carbon, and contributing 
its share towards the production of the magnificent flame which 

* Spectrum Anah/sis, p. 110. 
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Toara ont of the mouth of the converter. The reason why the 
silicon cannot be there detected is that it contributes to the 
continuous spectrum, which is really the main feature revealed 
by the spectroscope when directed to the Bessemer flame. 
Broadly speaking, the Bessemer flame gives a continuous spec- 
tram. 

308. From all I have been able to learn I conclude that, in 
the present state of our knowledge, the spectroscope does not 
afford any rehahle information respecting the existence or non- 
existence of the metalloids in the sun. They may aU be there 
though the spectroscope should not detect one of them. 

209. Mr, Sorby'a microscopic investigations of the structure 
of meteorites afford decided confirmations of my view of their 
origin. In a paper published in the Proceedings of ike Royal 
Society, June 16th, 1804, he infers from their microscopic 
structure that they must have originated as nearly as possible 
in the manner I have described in comparing the aggregation of 
the less volatile matter of the solar ejections to the formation of 
hailstones. I believe that he has subsequently published some 
fiirther hypotheses respecting their origin, somewhat similar to 
those above stated, and I propose to avail myself of the privi- 
lege of his friendship in order to learn directly from him the 
particulars of his interesting researches, and to examine some of 
his microscopic sections of meteorites; but I have not had 
leisure and opportunity of doing so in time for the publication 
of this volume, and must therefore postpone this subject, and 
include it in the supplementary Essay, in which I shall more 
fully discuss several other subjects collateral to the present 
work. 

310. If these meteoric bodies are thus projected beyond 
the usual limits of the zodiacal light, they should form a ring 
or rings outside the limits of that lenticular aggregation, with 
planes nearly corresponding to the spot-zones on either side 
of the solar equator. The strictly theoretical result would be 
the formation of two such principal elliptical rings, — one cor- 
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responding to an extension of the northern, and the other to 
the southern zone of spots. Besides these, there should be in- 
termediate and outlying zones of irregularly and more thinly 
scattered projectiles, from the irregular spots of the equatorial 
and outlying regions. 

211. I need scarcely remind the reader that these theo- 
retical expectations are but an expression of the results of 
recent observations and generally received conclusions respect- 
ing the origin of the August and November star-showers, and 
the other minor and more or less regular meteoric displays. 
The August and November showers have been assigned to two 
principal rings, and the minor phenomena to other less densely 
packed and less definite rings or zones corresponding to fifty-six 
radiant points of shooting-stars, which have already been deter- 
mined. 

I think, therefore, that I may conclude that all the know- 
ledge we possess respecting the chemical composition, mecha- 
nical structure, and cosmical distribution of meteorites accords 
as closely as the nature of the subject and the present gaps in 
our knowledge permits, with the idea that they are some of the 
denser hailstones precipitated from the upheaved dissociated 
inner vapours of the sun, and flung outwards into the pla- 
netary regions by the furious explosions to which such disso- 
ciated gases must of necessity be subject when they are whirled 
upwards by the eccentric rotation of the solar nucleus. 
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212. I EKoKET exceetlingly tbat I am unable, for the reasons 
stated in section 194, to calculate the maximum projectile force 
of the great solar eruptions producing the prominences, as I do 
not see any sufficient reason for limiting the range of their 
energies either to the ordinary limits of the zodiacal light (which 
we are told " sometimes extends beyond the earth's orbit, and 
Bometiraea lies within it,")* or to that fringe of meteoric masses 
beyond which formed the subject of the last chapter. These 
may be the results of the ordinary and the common periodical 
maxima of solar eruptions; but such eruptions are not all that 
have to he taken into account. It is evident from the pheno- 
mena observed on 1st September, 1859, {described in sect. 196), 
that occasional isolated outbursts take place, which enormously 
exceed the ordinary periodical maxima. 

* GuillomiD, The Seavm, p. 90, 
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213. But even the extraordinary magnitude of tliis solar 
convulsion may not by any means represent the limit of explo- 
sive violence which the sun is capable of occasionally exerting. 
We have fair reason to suppose that^ during the countless ages, 
— the bye-gone millions of millions of years of solar combus- 
tion^ — there have been occasional extraordinary outbursts still 
grander than that which was so well observed and recorded on 
Sept. 1, 1859. This, in spite of its magnitude, would probably 
have passed unnoticed had it happened but twenty years earlier, 
when we had no electric telegraphs to disturb, — no magnetic 
observatories to record photographically such disturbance, and 
few vigilant solar observers to witness the flash. This, it is 
true, is the greatest solar commotion that has occurred during 
the epoch of magnetic observatories and electric telegraphs; 
but what a microscopic point of time is this compared with the 
age of the sun! We have historical records of what must 
have been, if the accounts are at aU reliable, vastly greater 
solar outbursts than even this. '^Thus in the annals of the year 
A.D. 536, the sun is said to have sufiered a great diminution of 
light, which continued fourteen months. From October a.d. 
626 to the following June a defalcation of light to the extent of 
one half is recorded; and in a.d. 1547, during three days the 
sun is said to have been so darkened that stars were seen in the 
day-time.^^* These accounts are very marvellous; but the 
fact that the dates correspond with the calculated periods of 
great spot maxima strongly confirms the records which, with 
some allowance for the historical exaggeration of the period, 
may be accepted as evidence of the occurrence of spots of 
sufficient magnitude to produce effects plainly visible without 
telescopic aid, and far exceeding any of the spot-obscurations 
that have been observed during the telescopic period of astro- 
nomical history. 

214. It is but a step from the meteoric zone, crossing the 

* Herschel's OwtUnes of Agtronomy, art. 394 A. 
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lit of the earth to the zone of " pocket planets," beyond the 
orbit of Mars; a step that for a projectile is practically 
ahortened by the continuous diminution of tlie reclaiming force 
of aolar gravitation. It is but a like gradation from meteoric dust 
"to meteoric grains, then to the meteoric pebbles, nodules, and 
masses weighing hundreds of pounds, and even tons, that have 
fallen upon the earth, to the smallest of the asteroids, and from 
'■ them to Pallas, the giant of the scries, whose bulk is 3177 
I times less than that of our earth. It is perfectly consistent 
with the primary principles of the hypothesis I have already 
, ventured, that the larger masses should be projected to the 
1 greatest distance; and also that the more tremendous and pro- 
! found the whirling tempest iu the sun, the greater must be the 
dimensions of solid masses that would be torn out of the 
bowels of his vaporous depths. 

215. According to my description of the structure of the 
fiun there must, in the ocean of dissociated gases, be a lower 
depth, composed mainly or entirely of the vapours of the heavier 
metals; and should volumes of this metallic gas, commensurate 
with the magnitude of an extraordinary spot cavity, be forced 
upwards, involved in the subsequent explosion, and consolidated 
at an early stage of its outward flight, there is nothing extra- 
vagant in the supposition that this consolidation of a volume of 
metallic vapour, many times greater than the earth, should pro- 
duce single masses varying from a few miles in diameter to 
2j==th of the earth's bulk. I venture to affirm that the 
dimensions of the asteroids do not stand at all in the way of 
this audacious hypothesis ; the primary difficulty which makes 
me hesitate is that of the projectile velocity. The largest and 
heaviest masses would, of course, acqiure the same initial 
velocity as the smallest and lightest particles, precipitated in cor- 
responding positions ; and these largest and most dense would 
travel the furthest, as they would encounter the least relative 
resistance from the gaseous matter through which they must 
pass at the commencement of their journey; h— ' - ' *y 
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utmost possibilities of explosive energy (for such we have to 
consider) are sufficient to project a body from the surface of 
the sun to the region between Mars and Jupiter^ is a question 
to which I can only give a suppositious answer in the &ffirmatiye. 
216. The position and character of the orbits of tliese 
bodies accord generally with this hypothesis; the average 
plane of their orbits is not very far removed from that of the 
solar equator; the respective planes vary considerably^ » 
might be expected, if they are results of extraordinary solar 
disturbances. The form of their orbits is also very variable, 
many of them being much longer ellipses than those of the 
planets. I should have expected a still greater elongation and 
eccentricity in some of them, and such orbits may have existed; 
but an asteroid with an orbit of cometary eccentricity that 
would, at each revolution, cross the paths of Mercury, Venns, 
the earth, and Mars, in nearly the same plane, and dive through 
the thickly scattered zodiacal cluster, both in going to the sun 
and returning from it, would be subject to disturbances which 
would continue until one of two things occurred. Its tan- 
gental force might become so far neutralized, and its orbit so 
much elongated, that finally its periheKon distance should not 
exceed the solar radius, when it would finish its course by 
returning to the sun. On the other hand, its tangental velocity 
might be increased by heavy pulls from Jupiter, when slowly 
turning its aphelion path, and be similarly influenced by friendly 
jerks in crossing the orbits of the inferior planets ; and thus its 
orbit might be widened, until it ceased periodically to cross the 
path of any of the planets, by establishing itself in an orbit 
constantly intermediate between any two. Having once settled 
into such a path, it would remain there with comparative sta- 
bility and permanency. If I am right in this view of the 
dynamical history of these older ejections, all the long elliptical 
paths of zodiacal particles, meteorites, or asteroids, would thus 
in the course of ages become eliminated, and the remaining 
orbits would be of planetary rather than cometary proportions. 
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ftfae recent ejections may have any form of orbit within the 
boundaries of the conic sections ; but as their age must be but 
pt Tery small fraction of the age of the solar system, they will 
JBOnstitute but a correspondingly small proportion of the outer 
)nnd greater massea uow under consideration. With those 
ligliter particles forming the zodiacal light the case will be 
'flifferent, as the shorter the excursion of the projectile, the 
Jmore subject must it be to reclamation by a body of such great 
idimensions as the sun. Hence the variability of the juvenile 
corona and youthful zodaical light as contrasted with the sta- 
;bility of these middle-aged asteroids. 

217'. M. Gudlemin describing Juno saya, "Its eolour is 
TCddish, and its light is subject to sudden variations, which are 
not leas remarkable than the rapidity with which they are 
accomplished. This phenomenon is not peculiar to Juno; it is 
observed in Vesta^ which sometimes becomes very bright, in 
Ceres, and in many other of the minor planets. Several hypo- 
theses have been suggested to explain this fact. Some suppose 
that the different faces of these small bodies do not reflect the 
solar light with the same intensity; that some are formed of 
crystalline facets, or even have a light of their own. Others 
believe that the small planets are irregularly formed, presenting 
to us consequently sometimes very extensive, and at others very 
limited surfaces. "Whichever hypothesis we admit, both take 
for granted a rotation."* This is exactly the appearance which 
should be presented by the rotation of irregular shaped sub- 
angular masses, similar to the great meteorites that have struck 
the earth. The "yellow," "reddish yellow," and "reddish" 
colour of these asteroids is also interesting, as it corresponds to 
the light which would be reflected from an external coating of 
oxide of iron, 

318. Tlie theory which ascribes the asteroids to the frag- 
ments of a broken planet occupying the space which, according 
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to Bodes^ law, constitutes a planetary vacancy, is now becoming 
generally abandoned, on account of failure of that law in 
reference to the planets Neptune and Mercury, and the non- 
fulfilment of theoretical requirements by the orbits of Vesta 
and some of the more recently discovered asteroids. 

There is another and, as it appears to me, far more seriow 
objection, which appears to have passed unnoticed. I nudntain 
that the notion of a single shattered planet is nothing more nor 
less than a physical absurdity, — a supposed effect for which we 
can assign no cause of even the remotest approximate suffi- 
ciency. The inventors and supporters of this '' catastrophe'* 
hypothesis seem to base it on the supposed possibility of a planet 
exploding by the action of forces analogous to those which pro- 
duce volcanic eruptions and earthquakes. At the first glance 
there is an aspect of plausibility about this, but it will not bear 
examination. 

219. To such minute creatures as ourselves volcanic and 
earthquake phenomena, when viewed from terrestrial distances, 
appear as manifestations of stupendous and awful forces. The 
earth appears to its to be ^^ shaken to its foundations :" but 
what is a volcano viewed cosmically ? The largest craters of 
this world are but little pimples on the earth's epidermis. The 
gaping chasms which have horrified mankind, when earth-waves 
have shattered their frail tenements ; the greatest dykes, faults, 
and dislocations of strata which geological investigation has 
disclosed, are but cracks in the mere cuticle of our globe. It 
has been truly said that all our knowledge of actual geological 
structure is limited to the revelations presented by mere 
scratchings of the surface of the earth. So with the volcanic 
forces; they are utterly superficial. There is not a tittle of 
evidence to show that they are connected with any sort of 
deeply seated explosive energy. 

220. The volcanos of the moon are, proportionally, a vast 
deal larger than those of the earth ; they are not merely 
pimples, but boils ; but then we must remember how these and 
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1 other craters are formed. They are not tlirust up at once 
fcy a single outburst of expansive energy, but are the growths 
of ages of gradual contributions of the comparatively mole- 
cular fragments that are from time to time ejected, and which 
either fall or flow upon their aides, and thus gradually build 
~them up. Superficial forces producing mere superficial irregu- 
larities are ail that volcanic action indicates. To attribute an 
internal explosive capacity to a solid planetary mass such as should 
shatter it into fragments, is to depart altogether from the sober 
paths of inductive philosophy and wander into the dream-land 
of inventive fiction. I have already admitted that my own is 
an audacious hypothesis, but its audacity is purely quantitative. 
I liave invented no new kind of force, but have merely assumed 
that a force which must exist, which we sec in operation, which 
must operate exactly in the required direction, and whose mag- 
nitude is so gigantic that the human mind is utterly over- 
whelmed when it endeavours to picture its operation, is suf- 
ficiently great to project the sort of material which it must pro- 
ject in that direction, to the distance at which we find it. 

231. Bacon has taught us that the business of science is to 
observe and collate facts, to generalize these, and induce the 
lavs of their causation ; and then, after we have demonstrated 
these laws, to use them as the intellectual machinery of deduction 
by means of which new and unknown facts may be revealed, 
and obscure phenomena explained. From the moment that 
philosophers adopted this course science started in a new career 
of progress ; so long as they have adhered to it they have 
assisted its progress ; when they have departed from it they have 
failed to do so. The grandest truth of all physical science, — 
the universality of gravitation, — was demonstrated upon the 
basis of the terrestrial experimentally verified phenomena of 
falling bodies. Newton invented nothing in his theory of 
gravitation ; he merely assumed that a force demonstrated upon 
the earth extended consistently tlu'oughout the universe in 
accordance with the necessary geometrical laws of n 
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fusion. He asked for nothing anywhere throughout the whole 
immensity of the universe that was not demonstrable here on 
earth. He adhered strictly to the severest roles of inductive 
investigation^ and the result was the grandest triumph the 
human intellect has ever achieved. The case was quite dif- 
ferent in his theory of light. There he invented corpuscuks 
without any direct evidence of their existence; he endowed 
these corpuscules with a wondrous power of motion^ without 
showing any known force competent to produce such motion; 
he assumed gratuitously that they had '^ fits'' of easy trans- 
mission and reflection^ and thus built up a whole fabric of 
hypothetical fictions upon which the same powers of intellect 
were exercised even more laboriously than upon his theory of 
universal gravitation. But how different has been the fate of 
the corpuscular theory of light from that of the theory of 
universal gravitation ! 

222. I have endeavoured to keep the moral of this and 
other similar examples constantly before me during the coarse 
of these speculations, the boldness of which I freely admit, but 
which I contend are all warranted on the principle of assuming 
that the whole universe is framed upon one uniform plan;— 
that all the great physical forces of the universe are operating 
here upon our little world and around our little selves ; — ^that 
the laws we discover by studying the operation of these forces, 
even on the smallest scale, apply to the most gigantic cosmical 
operations of nature. Without deviating a hair's breadth from 
the strictest application of these principles, as I am able to 
understand them, I have reached the conclusion that asteroids 
must be formed by the solar eruptions, and must be ejected to 
vast distances; the only questionable assumption is, that the 
quantity of propulsive force may have been occasionally suf- 
ficient to carry them to so great a distance as the wide space 
between the orbits of Mars and Jupiter. 
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AfETEOBOLOGT OP THE MOON AND THE INFEBIOE PLANETS. 

HY FBIMiLBY HYPOTHESIS OF AN FNITEBSAL ATMOSPHEBE SHOULD BE 
SEYEBELY TESTED^THE OBSEBYED ATMOSPHEBES OF THE PLANETS, 
ETC., TO BE COMPABED WITH THEIB CALCULATED ATMOSPHEBES — THE 
THEOBETICAL ATMOSPHEBE OF THE MOON — THE MEAN LEVEL OF THE 
MOON— INFEBENCES DEBIYED FBOM OCCULT ATIONS— SUPPOSED ATMO- 
SPHEBE ON THE LOWEB LEVELS OF THE MOON— DOUBTS OF ASTBONO- 
MEBS BESPECTING A LUNAB ATMOSPHEBE — STATE OF THE AQUEOUS 
MATTBB OF THE LUNAB ATMOSPHEBE — IS THEBE EVIDENCE OF A 
DEPOSIT OF HOAB-FBOST ON THE DABE SIDE OF THE MOON? — THE 
THEOBETICAL ATMOSPHEBE OF MEBCUBY — THE HYDBOLOOY OF MEB- 
CUBY — METE0BITE8 AND POCKET SATELLITES OF MEBCUBY— 0B8EBVA- 
TION CONFIBMS THEOBETICAL ESTIMATE OF THE ATMOSPHEBE OF MEB- 
CUBY — BEEB AND MADLEB'S CONCLUSIONS BESPECTING THE ATMOSPHEBE 
OF MEBCUBY — THE "NEBULOUS BING" AND "EQUATOBIAL ZONE " OF 
MEBCUBY — POSSIBLE IDENTITY OF THE NEBULOUS BING AND EQUATO- 
BIAL ZONE — THE THEOBETICAL ATMOSPHEBE OF VENUS — THE HYDBO- 
LOGY OF VENUS— THE THEOBETICAL AND THE OBSEBVED ATMOSPHEBE 
OF VENUS — SCHBOTEB AND GUILLEMIN'S DE8CBIPTTON8 OF THE ATMO- 
SPHEBE OF VENUS — THE MISTY OB8CUBATION8 OF THE ATMOSPHEBE OF 
VENUS ABE NOT DIMINISHED BY INCEEASE OF TELESCOPIC POWEB — 
THE DISADVANTAGES OF ENGLISH 0B8EBVEBS— A TEBBESTBIAL ILLUS- 
TBATION OF ATMOSPHEBIC 0BSTBUCTI0N8 TO DISTINCT VISION — THE 
EFFECT OF SLIGHT ATMOSPHEBIC VABIATIONS AND OF THE IMPEBFECT 
TEANSPABENCY OF TELESCOPE LENSES — THE VALUE OF THE OBSEBVA- 
TIONS OF THE ITALIAN ASTBONOMEBS. 

223. As every argument of the preceding chapters is built 
upon the primary assumption of the existence of an universal 
atmosphere of similar composition to that around our earth, 
and that it is accumulated around every gravitating body of the 
universe in a quantity proportionate to its gravitating power; 
and as the constitution which I have ascribed to the sun, and 
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all the forces and phenomena I have endeavoured to explain, 
are merely the necessary consequences of this universal exten- 
sion of our atmosphere, it is of the utmost importance that the 
primary assumption should be subject to every possible form of 
collateral scrutiny. When Torricelli ascribed the rising of the 
mercury in the vacuum-tube to the weight of the atmosphere, 
Pascal suggested his celebrated eoeperimentum cruets of carrying 
the tube to places where the atmosphere must, according to the 
hypothesis, vary in weight ; — up the sides of mountains where 
it must be lighter, and down to the sea-level or below, where it 
must be heavier; and then, by comparing the height of the 
mercury with the calculated density, to verify or refute the 
hypothesis. 

224. A strictly analogous '^ experimentum crucis'^ for the 
trial of my fundamental hypothesis is obtainable from the vary- 
ing masses of the members of our solar system. Near enough 
to us for detailed scrutiny is one of the smallest members of 
the system — our own satellite, and within the reach of our 
telescopes — near enough to enable us to learn something about 
its atmosphere, is Jupiter, the largest of the attendants on the 
sun, whose mass is 27,100 times greater than that of the moon. 
Between these extremes we have six planets presenting varia- 
tions of mass ; and although we cannot apply direct barometrical 
measurements to determine the actual density of their atmo- 
spheres, we can form some approximate idea of their relative 
actual densities. Their theoretically required densities can be 
calculated with some degree of accuracy. Now, if the recorded 
observations of astronomers relative to the quantity of atmo- 
spheric matter corresponds, as nearly as the approximate nature 
of such observations permits, with my calculated atmospheric 
requirements, such accordance will afifbrd a most important veri- 
fication of the fundamental hypothesis ; for if the quantity of 
atmosphere belonging to each body were merely an individual 
speciality, such as it is commonly regarded, the laws of proba- 
bility would demand some very serious discrepancies among 
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these eight bodies, including so wide a range of variation of 
theoretical atmosphere as that between Jupiter and the moon. 

I will therefore proceed to calculate their theoretical atmo* 
spheres, and compare the results of such calculations with the 
observationG that have been made and recorded ou the actual 
atmosphere of each, commencing with the moon as the nearest 
body to the earth, and the one respecting which we have the 
most minute and reliable obaervatious, 

225. The maas of the moon is ^ of that of the earth. By 
the rule already given (scot. 28) this number must be multiplied 
by its own square root, and the product will express the total 
atmosphere of the moon : — the earth's total atmosphere being 
taken as unity. We thus get — y^— =-- or, discarding 
fractions, the total atmosphere of the moon should be jjg of 
that of the earth. But the moon being smaller tfian the earth, 
this atmosphere will be concentrated upon a smaller surface, 
and the extent of this concentration will be shown by dividing 
the number expressing the total atmosphere by the square of 
the moon's diameter (the earth's diameter being unity). The 
quotient will express the atmospheric pressure or density at the 
lunar surface, that upon the surface of the earth being still our 
unit. Now the diameter of the moon thus expressed is 0'264, 
the square of which is 00697. The pressure will therefore be 

a0697 ~ 49'B35S °''' ^ round numbers, ^ of that upon the earth's 
surface. Thus the barometer should stand at six-tenths of an 
inch instead of 30 inches, and the pressure per square-inch 
should be three-tenths of a pound, instead of 15 lbs. It would 
be about equivalent to the vacuum obtainable in the receiver of 
a common old-fashioned air-pump in ordiuary working order. 

226. In the determination of the pressure of the atmo- 
sphere upon the earth we take our barometers to the sea level, 
i. e., the lowest portion of the earth's general surface. We must 
in like manner take our imaginary barometers to the lowest 
general surface of the moon, to obtain this calculated column 
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of mercury of six-tenths of an incli. From the excessiye 
irregularity of the limar surface it would be very difficult to 
define clearly where this lowest general surface is. It must be 
at the bottom of the average craters and valleys of the lunar 
surface^ probably about the mean level of the Oceanus Pro- 
cellarum, and the other dark regions called the ^^ Maria" by 
selenographists. . It would be as unfair to take the lowest 
exceptional depressions of the lunar surface as the atmospheric 
base^ as to take our terrestrial sea-level firom the Caspian. 
Equally incorrect would it be to take the summit-level of tbe 
lunar mountains, which, in proportion to the general volume of 
the moon, are so much greater than those of our earth. At tbe 
summits of these the rare atmosphere must be further thinned 
out to such excessive tenuity that the difference between its 
density and that of the general atmospheric medium would be 
too small to effect any measurable refraction. 

227. All who are acquainted with the results of telescopic 
observations of the moon will at once perceive how closely this 
accords with the descriptions of observers. The observations of 
occultations are generally stated to indicate no atmosphere, 
though some doubts as to the absolute truth of this have been 
expressed. Now the edge of the lunar disc, by which the 
boundary of the moon^s diameter is measured, and which deter- 
mines the beginning and end of the occultation, is formed by 
the summits of the lunar peaks and ranges, levelled by the 
effect of perspective, for we look upon them horizontally, as 
though from their own summit level. The only portion of the 
lunar atmosphere remaining for the purposes of horizontal refrac- 
tion, visible from the earth, must be that portion of the 0*6 inch 
atmosphere which rises above these lofty summits. 

It is stated in astronomical treatises that a lunar atmo- 
sphere having a density equal to only ^^ of that of our own, 
would be indicated by the acceleration of the observed period 
of an occultation. This calculation rests upon the assumption 
of an atmosphere suddenly and sharply terminating in an 
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absolute vacuum. If instead of this the lunar atmosphere is, 
as I maintain, only a graduated condensation of the ^ncral 
atmospheric medium, this calculation will require very material 
modification. I am at present unable to see any data upon 
which the density of the universal atmosphere can be calcu- 
lated, though I think it quite possible that it may hereafter be 
estimated, and suspect that it will be found of greater density 
in the ioterplanetary spaces, i. e., within the limits of the solar 
system, than I would at present venture to state, and that it 
will there be subject to the same laws of motion as the solid 
planetary matter 

228. In reference to the thin atmosphere which, if I am 
right, we ought to find within the craters, and on the maria or 
plains of the moon, I will quote the following from M. 
Guillemin's work on The Heavens, to which I have been already 
indebted for so many quotations. He says (p. 155 of Mr. 
Lockyer'a English translation), "Is it possible that there may 
be an atmosphere coufiued to the bottom of the lowest plains 
and the deepest craters? Nothing renders probable or contra- 
dicts this hypothesis. But at all events no cloud ever disturbs 
the purity of its sky ; for clouds even of slight dimensions 
woTild be easily perceived from the earth, and no convincing 
observations of any are recorded." To this the Rev. T. W. 
"VVcbb adds the following note, " After all fair deductions on 
the score of imperfection of observation or precipitancy of in- 
ference, there are still residuary phenomena such as, for 
instance, the extraordinary profusion of brilliant points which, 
on rare occasions, diversify the Mare Crisiam, so difficult of 
interpretation, that we may judge it wisest to avoid too positive 
an opinion." 

229. I could go on multiplying quotations to show that 
there exists in the minds of astronomers just that amount of 
doubting and difference of opinion that should be caused by 
such an amount of atmosphere as I have calculated, supposing 
it to be distributed in the manner I have described. Ther' 
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&r too little to prodnoe anrlifanig like the effects that would be 
looked for aooording to the aiuJogy of oar own atmosphere^ 
and jet just too rnnch to allow them poshiTety to assert un- 
liesitatin^ J that there is no atmo^ihei:e. R^arding as I do 
with the prof onndest vfsneration those saUime records of divine 
truth which the highest of the hi^ priests of nature^ our 
great astronomers, have bequeathed to mantind as material for 
his moral and inteUectoal eLeration, I ding with reTerence even 
to the doubts and hesitations of the purified intellects of these 
great men, and bnng them f ortih as cTidenoe. 

230. It is obTions that such an atmo^hane as I have calcu- 
lated could not produce any doad phenomena at all comparable 
with those ci our t er restrial atmosphere; yet lememberiug 
what I hare argued respecting the aqueous element of tbe 
general atmosphere, there should be a light and sudden conden- 
sation, not of water, bnt of minute ice crystals, or hoar firost 
when the fierce glare of the sunlight suddenly deserts the 
moon. May it be this which is sometimes risible in the shady 
depths of the Mare Crinum, which is situated in the hest 
possible position for seeing it, if it be there in the filmy 
quantity demanded. This depression being close upon the 
western edge of the moon, we should see such films in profile, 
and thus they would present a density corresponding to their 
horizontal width, and should appear as we see the bands of 
our cirro-stratus clouds when near the horizon, presenting an 
appearance of density so much greater than when they are 
spread over our heads. 

231. According to this the dark side of the moon should be 
covered, during its darkness, with a thin film of hoar-frost. 
This suggests the question. Whether the actual ^^ earth-light^' 
of the moon is greater than it should be theoretically, taking 
into consideration the quantity of light the earth is capable of 
reflecting, as compared with that of the sun, and assuming that 
no change occurs in the reflecting power of the limar sur&ce. 
It should be so if the dark side of the moon is thus whitened. 
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232. I am sorely tempted to discuss some of the receat 
speculations respectiug the structure and form of t!ie moon, 
such as those of Professor Fraukland and Ilauseii, but must 
refrain from doing so, for if I had yielded to all the digresaivo 
seductions which my subject has presented, this little Essay 
■would have become so enlarged, that with my small modicum 
of literary leisure its publication must have been almost hope- 
lessly deferred. 

233. I will now proceed to the planets. Commencing from 
the sun, and passing by the hypothetical planet Vidcan, we 
come to Mercury, whose mass is to that of the earth as 0'0769 
to 1, and whose diameter is 0-389 tol. As v'007C9 = 02778, 
the total atmosphere of Mercury, omitting minute fractions, 
should be 00769xO-2773=002132-157=about l^, and the 
atmospheric pressure on the surface of Mercury - " - ^ 
0-1409^:about -y. Thus on the plains of Mercury the baro- 
meter shoidd stand at about 4i Inches, and the pressure of the 
atmosphere should be about 2 lb. 2 ozs. per square inch. The 
boiling point of water under such a pressure would be about 
128° Fahr. 

This planet should therefore be surrounded by a rare but 
decidedly appreciable atmosphere. As Mercury receives from 
the sun about seven times as much heat as the eartli obtains, 
the mean temperature of its equatorial regions ebould far 
exceed that at which water boils upon its surface, and the 
summer temperature even to its polar regions would be above 
the boiling point. As the inclination of the axis of Mercury 
must produce such great variations of season, and the distance 
between these extremes of temperature must be further in- 
creased by the great eccentricity of the orbit of the planet, the 
winter temperature may fall below the boiling point, and con- 
densation may thus occur on those latitudes where the daily 
rotation brings no sunlight, 

234. I must not pass ovF- '" " 'oretical mcterology of this 
planet without alluding tr st sometimes 
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he immerBed in the matter which forma the zodiacal light, and 

if my views are porrect, it must be more subject than any other 
planet to the fall of meteorites upon its surface; thus a con- 
siderable number of these bodies of all dimensions should from 
time to time be diverted from their eccentric orbits about the 
sun, and constrained by the gravitation of this planet to travel 
around him in orbits of greater or less permanencyj for ming a 
series of pocket satellites. 

235. Let us now see how far the above stated theoretical 
requirements are verified by observation. The proximity of 
Mercury to the sun renders observation of the details of Ms 
surface very difficult, and therefore wo have but little positive 
knowledge to appeal to. Dark bands have been observed on Hs 
disc by Schroter, but of the nature of these little or iiothing is 
known. No markings which, like those on Mars and Venus, 
can be assigned to land and water, have been discovered. So far 
as this negative evidence goes it is confirmatory, but I do not 
consider it sufficiently reliable to lean upon it with any degree 
of confidence. The remarkable irregularities of the termiaator, 
and more especially the curious truncation of the Southera 
Horn, appear to me to afford much stronger confirmation of the 
absence of any ocean than do the negative evidence derivable 
from direct examination of its surface. If I understand rightly 
that the boundary edge between light and shade is always 
more or less rough and jagged, there can be no considerable 
body of water on the surface of the planet, for the terminator 
in passing over such a surface should present a perfectly sharp 
unbroken line. It would be so positive and definite that the 
limits of any considerable ocean or sea might be measured with 
tolerable accuracy, and its form delineated by the expansion 
and contraction of its boundaries as the line of the terminator 
3sa it. Such keen observers as Schroter, Beer, and 
Madlcr, should have detected such definite lines in their eager 
search for some reciu-ring pecularity by which to measure the 
rotation of this planet. 
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236, The esiatence of some amount of atmospbcre is indi- 
cated by the twilight shading of the terminator. I am not 
aware that any estimate of the density of this atmosphere has 
been attempted, the difficulties of observation and the yery 
small datum afforded by this mere shaded line, being an insuf- 
ficient basis for nnmerical calculation. Beer and Madler, refer- 
ring to their observations of this line, say "Hence we may con- 
clude that Mercary has a prefly sentible almospfiere." This is 
as near an approximation of my theoretical atmosphere of 4i 
inches barometric pressnre as may be expected under the diffi- 
culties of observation which this planet presents. 

237. In reference to what I have said about the occasional 
immersion of Mercury in the nebulous matter of the zodiacal 
light, and its gathering some of that matter in an orbital 
arrangement about itself, the following is very interesting. 
"According to many astronomers, Mercury presented the 
following aspect in its transit of 1799 across the solar disc. 
Instead of a black round spot, perfectly clear and well-defined, 
there was seen all round the disc of the planet a circular band, 
less luminous than the rest of the surface of the sun, forming 
a sort of nebulous ring. It was thence inferred that there 
existed a very high and dense atmosphere. Recent observers 
have not seen anything like it,"* This remarkable observation 
derives an additional interest from the following. " One 
diligent observer, Schroter, at the end of the last century, was 
able, however, to observe some dark bands on its disc, which he 
considered as an equatorial zone -"i and " Schroter, when 
examining Mercury daring its transit over the sun, on the 7th 
May, 1799, saw, or believed he saw, on the black disc of the 
planet a luminous point. It has been concluded from this 
observation, which has not, however, been confirmed, that there 
exist ou the surface of Mercury active volcanoes. "J These 
three quotations are from the same ' ^ut they stand at 

• Guillemill, The Seaeeiu, p. 70. ♦ 
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some pages apart from each other^ and the phenomena are 
nowise regarded a^ having any connection with each other. 

238. I am sony to state that I am not within reach of any 
work from which I can learn the exact position of Mercury on 
the 7th May, 1799; whether or not it was near to its sammer 
or winter solstice, so as to afford to the observers from the 
earth the nearest possible approach to a circular presentation d 
his equatorial zone. If so, the '^ nebulous ring'^ may have been 
the same thing as the " equatorial bands'^ of Schroter, and both 
of these a broad ring of meteorites, revolving as a crowd of 
minute satellites aroimd the equatorial region of the planet. 
The bright spot may have been one of the larger meteorites on 
its returning journey towards the sun striking the planet, and 
producing on a grand scale the luminous effects that are visible 
when meteorites enter our atmosphere, and which occur at ele- 
vations where its density is less than that which I attribute to 
the atmosphere of Mercury. 

239. It is unnecessary to make any calculation of the theo- 
retical atmosphere of Venus. The mass and dimensions of this 
planet approximate so closely to that of the earth that the 
density of its atmosphere should only differ from ours by so 
small a fraction that we may consider it as about the same. 
The only important meteorological differences between Venus 
and the earth would be those due to its greater proximity to the 
sun, and the greater inclination of the plane of its equator to 
that of its orbit. 

240. In the first place there should be land and water as 
upon the earth, but as the quantity of heat received from the 
sun by Venus is nearly double that which comes to the earth, 
the atmosphere should be thickly loaded with aqueous vapour. 
This again would moderate the action of the sun upon the 
surface of the planet itself, as the vapour would absorb so much 
of the sun^s heat, and retain it in the atmosphere. So far we 
should have the conditions of a hot, humid, and equable 
climate as compared with that of the earth; but then the 
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inclination of the axis, producing auch extreme Tariatioiis 
between the summer and Triuter exposure to the sun of the 
temperate and polar regions, would seriously disturb this equaliz- 
ing influence of the aqueous vapour. Thus there would be 
great extremes of evaporation and condensation, and Venus 
should be a foggy, cloudy, and rainy planet, with some polar 
snow during the winter, and probably polar glaciers. Its atmo- 
sphere thus charged with vapours, and perhaps augmented in 
density by them, should be easily detected, but its surface eon- 
figuration would be much obscured by the misty envelope, 

241. This theoretical sketch, which is merely a statement 
of what mvsi result if my hypotheses are correct, corresponds 
as nearly as possible with the conclusions derived from actual 
observation, as the following quotations will show. As the 
difficulties of observation have given rise to some differences of 
opioion in reference to the telescopic appearances of these 
inferior planets. Mercury and Venus, I purposely limit my quo- 
tations respecting them to one work, lest it should be supposed 
that I have selected from among difl'ering authorities only those 
conclusions which favour my own views. The following quota- 
tions are, therefore, both from GuiUemin's work on The 
Heavens, which is the only authority I have quoted in reference 
to the observed phenomena of Mercury, 

242, " If we refer to the drawings of Schroter, which repre- 
sent Venus in three of its phases, we shall notice that the 
luminous part of the disc is far from terminating abruptly 
along the line of shade. Its light, on the contrary, diminishes 
gradually; and this diminution may be entirely explained by 
the twilight on the planet. The existence of an atmosphere of 
considerable height has hence been inferred, which, by refracting 
the rays of the sun, enables them to penetrate into the regiono 
where that body is already set. Thua 'A* "fenings of Venua 
would be like ours, lighted by twilighi ''V the 
dawn."* Summing up generally tl r- 

* Quillemin 
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vations^ M. Guillemin says^ ^' Perhaps a very dense, chudy atnuh 
sphere^ constantly charged tvith vapours arising from the heatf 
envelopes the globe of Venus, and thus moderates the rigoiur of 
its opposite seasons. A fact which gives to this hypothesis a 
certain degree of truth, is the observation of a transit of Venus 
over the sun in 1761. A nebulous ring seemed to surround the 
black disk of the body \ and moreover, at the moment when it 
was but partly projected on the sun, the contour of the exterior 
limb of the planet was seen edged with a luminous ring/^* 

The cloudiness of this planet is further indicated by the 
differences of the statements of different observers respecting 
the permanent marking on its surface. Bianchini represents 
what, in his drawings, appear like two polar and two equatorial 
continents, which appearances we must, of course, interpret 
inversely, as these dark regions, which appear like the mapping 
of continents, should represent actual seas, and the lighter 
portions the more highly reflecting surface of the land. Refer- 
ring chiefly to these, Mr. Lockyer, the translator of the English 
edition of M. Guillemin^s book, makes the following note. 
^^ Before we quit Mercury and Venus, we must fairly state that 
the decision and positiveness with which the physical data are 
given by the old astronomers are by no means borne out by 
modem investigation, although we might imagine, to say the 
least, that if the observations of Schroter and others, faithfully 
recorded by M. Guillemin, were correct, the vastly superior 
telescopes of the present day would have verified them. This, 
however, they have failed to do. The different features, 
although stated to have been seen by De Vico during the 
present century, have not been observed either by Admiral 
Smyth or the Rev. W. R. Dawes ; indeed the only physical 
fact which modem observation has placed before us, and this 
we owe to Professor Phillips and the Rev. T. W. Webb, is the 
possible existence of snow zones on Venus as on Mars. This, 

* Guillemin, The Heavens, p. 83. 
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however, is not certsm. We Mnst, therdore, cMition oar 
readers against leednm^ rfwoltrfy tk iafinakoes dnvn &om 

the old obserratioDi. If we "-""^ kb tW iJiiiiiliniin an 
which they were based, we canaot <d eoaae i 

243. As regards Mexcnry, I tidnk tliat Ids distanoe frooi 
the earth and jKoximity to tfae wun maj *— j***™ tlte imcertaini> I 
ties of obserratioD to which these discrepancia are attrOnitable} I 
but this can scarcely be the case with Vcobe. The sanli^it ii^ ^ 
of course, in tlie way aometimes, and irradiation may be 
troublesome, bat the proximity of this pUnet should afford 
other advantages to compeniate these. If I am right, the 
obaervatioQs of the SDi£tce of Yenns hare to be made through 
the veil of a misty atmospbeie, mch as must aheat/s prevail 
over this planet, eren though absolutely opaque clouds should 
be absent. The eSect of this mistiness would be to render the 
outline forming the boundary between land and sea \ery 
obscure and diflBcolt to define, except under the most favourable 
circumstances. In the above note Mr. Lockyer refers to the 
vastly superior telescopes of the present day, but he does not 
appear to have considered that this is not a question of tele- 
scopic power, nor even of optical " definition," as that term it 
technically understood, but of reducing to a minim""! the 
intervening obstructions to the distinct vision of minute differ^ 
ences of light and shade. 

244. The Italian names of the astronomers, the two 
Cassinis, Bianchini, and De l-^ico, who, besides Schroter, havQ 
succeeded in seeing these markings, which our English astro-> 
nomers have failed to detect, is, I thiuk, very suggestive of 
another explanation, nz., that the difference may be due to the 
difference of the atmosphere in which the observers themselves 
were immersed. 

245. I will illustrate this by a closely analogous case, de- 
rived from my own experience. During a a' ' stay in Malta 
I found that on certain days I was able unit of 
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Mount Etna from the roof of the house in which I lodged at 
Valetta. The distance in a straight line is more than 100 
miles. The outline of the snowy peak was so obscure that I 
should never have recognized it at all, but that while sailing 
from Syracuse I watched intently the waning " Mongibello/' 
after the rest of Sicily had sunk below the horizon, and thus 
the form of the mountain, seen from the south, was clearly 
impressed on my memory. Even with this aid I had to take 
special care to guard against illusion ; I marked a line on the 
parapet, the continuation of which cut the middle of what I 
believed to be the summit, and it was only after observing that 
from hour to hour no change occurred in the position of the 
object, that I became satisfied that it was not one of the misty 
phantoms of the horizon. It was only visible on three days 
during a fortnight, though I looked for it daily, and the weather 
was brilliantly clear every day (it was during the latter part of 
the month of April), and but for this delicate test object I 
could see no difference between one day and another in the 
clearness of the atmosphere. 

246. Now in this case the problem of distinguishing the 
outline of the summit of Etna was closely similar to that of dis- 
tinguishing the outlines of land and water on the planet Venus, 
if my description of her atmosphere is correct. I had to dis- 
tinguish between the appearance presented by distant water, the 
sea horizon, a peak of snow-covered land and the naisty back- 
ground beyond ; the impediment to this discrimination being 
the imperfect transparency of the intervening atmosphere. 
This analogy becomes closer if Venus is viewed when near to 
the earth, as her illuminated surface must then be seen ob- 
liquely. Now in the case of Mount Etna an increase of atmo- 
spheric obstruction too small to be otherwise observable, was 
sufficient to render the outline of the cone altogether invisible. 
May not then the difference between the transparency of an 
Italian and an English sky produce the same effect on the visi- 
bility of the dim surface markings of the planet Venus as the 
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difference between two apparently equally bright southern skies 
produced upoQ the visibility of the dim cone of Etna? I 
should add that one reason why I mistrusted my first observa- 
tion, and drew the line upon the parapet was, that on the first 
day, when the cone was visible, I looked through a small tele- 
scope and Bwept the horizon very diligently, but could find no 
cone, though I could still see it with the naked eye. This, of 
course, is explained by the fact that merely magnifying an 
object by no means deficient in magnitude, was no advantage, 
transparency of the visual medium being the only requiremeiit, 
and that was diminished by the imperfect transparency of the 
glasses of the instrument. Lord Rosae's telescope would not 
have rendered Etna visible on any of the days when I failed to 
see it with the naked eye. 

347', I think, therefore, that we should not regard the 
negative results of recent observations with superior telescopes, 
as controverting the positive observations of the Italian astro- 
nomers, even though they had instruments of very inferior 
magnifying or space-penetrating power, for in this case it is not 
the distance nor the smalluess of the object that constitutes 
the difficulty ; the problem is altogether difi^erent from that of 
discovering a minute satellite, defining a doubtful double star, 
or delineating the boulders in a lunar crater. It consists in 
reducing to a minimum the sum total of misty obscurations 
lying between the surface of the planet and the eye of the 
observer. The planetary markings in question, as described by 
the Italian astronomers, were scarcely more definite than the 
outline of Etna, which I saw so obscurely through the mists of 
the sea horizon, and therefore I think that the additional 
impediments of an English sky would be quite suiEcient to con- 
ceal them, and that until the modern telescopes are applied to 
this planet under more favourable atmospheric conditions, we 
may accept the observations of the Italian astronomers, con- 
firmed as they are by Schroter, as the best that have yet 
been made. 
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THE METEOBOLOGY OF MAES. 

THE THEOBETICAL ATMOSFHEBE OF MABS — THE ATMOSFHEBE AITD CLIMATE 
OF MABS AND MEECUBT COMFABED— THE HTDBOGBAFHT OF MABS— 
THE CLIMATE OP MABS— THE CONDITION OP THE SEAS OF MABS— THE 
TAFOUBS OP THE MABTIAL ATMOSFHEBE— NO DENSE CLOTTDS IN THB 
ATMOSFHEBE OP MABS — ATMOSFHEBIC 0B8CUBATI0N DUE TO HOAB- 
PB08T — LIMITS OP THE DEPOSITION OF H0AB-PB08T — AFFEABANCBS 
DUB TO THE HOAB-PBOST— POBMATION OP FOLAB ICE MOUNTAINS— 
GBEAT FOLAB AYALANCHES, ETC.— EFFECTS OP OLAClEB SB08I0N AT 
THE FOLAB BEOIONS OP MABS— DIPPBBENCB BETWEfeEt ITF VIEWS OF 
THE MBTEOBOLOOY OF MABS AND THOSE USUALLY ACCEPTED— FBO- 
FESSOB FHILLIFS ON THE METEOBOLOGY OP MABS— MY VIEWS OP THB 
METEOEOLOGY OP MAES EE8ULT INEVITABLY PBOM MY PBIMABY HYPO- 
THESIS—THE DENSITY OP THE ATMOSFHEBE OP MABS HAS NOT BEEN 
DIBECTLY MEASUBED — THE CLOUDS DUE TO A DENSE ATMOSFHEBE 
HAVE NEVEB BEEN OBSEBVED — THE " CLOUDS " DESCBIBBD BY MB. 
LOCKYEB ABE ONLY A 8EMI-TBAN8PABENT AND ABSOBBENT VAFOUB 
HAZE — A CEBTAIN DEGEEE OF HAZE IS CONSISTENT WITH MY VIEW OF 
THE ATMOSFHEBIC CONDITIONS OF MABS — THB OBSEBVED DISTBIBU- 
TION OP THE HAZINESS COEBESPONDS WITH MY THEOEETICAL BE- 
QUIEEMENTS — VABYING LUMINOSITY OP THE DISC OP MABS — MY EX- 
PLANATION ACCOUNTS FOB THE VABYING LUMINOSITY — '* THB CIBCUM- 
POLAB SNOWS" OF MAES — THE H0UE8 OP DEW-PALL AND MOBNING 
THAW ON MAES— EVIDENCE OF OVEBTHBOW OP THE FOLAB ICE-CONE— 
DISCEEPANCIES IN THE MEASUBEMENTS OF THE FOLAB DIAMETEB OF 
MABS — ^AN EXPLANATION OP THESE DISCEEPANCIES — THE BELATIVE 
FBOFOBTIONS OP LAND AND WATEB ON MABS — ^A NOTE ON SECTION 260. 

248. I MUST now pass over the earth to the superior planets^ 

heginning with Mars. The mass of Mars is to that of the earth 

as 0-1324 to 1, and his diameter 0519 to 1. v'0-1324=-363 

nd 0-5192=0-269361. The total atmosphere of Mars should 
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] therefore be 0-I334x0-364 = 0-O482285=about ~. And tte 
atmospheric pressure on the surface of the planet -t-- ^ ^ - z: 
0"179 = about g:^ atmospheres. The mercurial barometer 

I would therefore stand at about 5^ inches at the sea level of 
Mara : the atmospheric pressure should be about 2£ lbs. to the 
square inch, and water should boil at 138° Fahr. 

249. The total quantity of atmosphere on Mars would thus 
I be more than double that of Mercury, but its density or pres- 

sure on the surface would be only one-fourth greater in conse- 
quence of the greater proportional surface due to the lower 
specific gravity of Mars, But the meteorological and hydro- 
graphical effects of these two atmoaphcrcs must be very different 
indeed, in consequence of the great difference in amount of solar 
heat to which the two planets are respectively exposed. The 
mean intensity of the solar radiations upon Mercury are sixteen 
times as great as those upon Mars, Thus while the atmospheric 
water of Mercury would exist commonly in the gaseous state, 
the bulk of that on Mars must be condensed and frozen. 

250. The quantity of water upon the surface of Mara should 
be to that of the earth in about the same ratio as that of its 
atmosphere, — perhaps I should say a little greater on account 
of the excessive condensation. It should thus be about oue- 
fiflh; and if the relative average depths of the oceans of the 
two planets are about equal, the proportion of land to water 
on the surface of Mars should be five times greater than the 
proportion of land to water on the stirface of our earth. The 
proportion of the area of land to that of water on the earth 
being, according to Sir Charles Lyell, nearly one in four, or 
one of land to three of water, there should be on Mars about 
five of land to three of water. 

251. As the intensity of the sun's heat upon Mars is to 
that upon the earth as 0'431 to 1, or rather less than one 
half, the mean temperature of Mara must be considerably below 
the freezing point ; from the thinness of the atmosphere 
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the small quantity of aqueous vapour it must contain, the 
variations of temperature between day and night must be reiy 
greatj especially at the polar regions, where, in consequence of 
the inclination of the axis of the planet, so large a portion of 
each hemisphere is exposed alternately to several months of 
continuous sunshine, and several months of continuous dark- 
ness. 

252. How must these conditions affect the ocean or seas of 
Mara ? The mean temperature being below its freezing point, 
they muat be frozen to the bottom ; but the surface of the water 
on all parts of the planet which are exposed with only moderate J 
obliquity to the sun's rays, would be thawed to a depth varyii^ 
with the duration and verticality of such exposure. Its surface' 
TFOuld thus be thawed during the day and frozen again at night, 
like the surface of our own Alpine glaciers, but the variatioM 
would be far more sudden and severe on the Martial ocean. 

253. A feathery dew of hoar-frost sliould begin to fall before 
sunset, i. e,, as soon as the obliquity of the solar rays allo^- 
the surface to cool below the freezing point. There should I 
a continuous current flowing outward from the mid -day regioii% 
— where the thin atmosphere would be greatly augmented I 
the aqueous vapour, — -towards the comparative vacuum on tht 
dark side of the planet. There would be the same kind ( 
action as Sir John Hersebel has described as necessarily takiii( 
place in the moon if any water exists on that satellite, 
■which he compares to the eryophorous experiment. Then 
should, however, be some difference between the case of Mai 
and the moon. The vacuum of Mars being only comparative 
the action would be much slower and less decided than id S 
John Hcrschel's supposed case ; and the mean temperature i 
Mars being so much lower, the freezing point and consequen 
precipitation of a haze of hoar-frost muat commence conaidca 
ably before reaching the actual boundary between 'light t 
darkness, — at that angiilar distance from solar verticaKty whel 

, the cooling influences of the planetary radiation, aided by the 
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of tte remaining ground-ice, must reduce the Burface tem- 
perature to the freezing point. 

254. Thus there would he no great vfell-defined masses of 
Tesicular vapour floating irregularly, like our clouds in the 
atmosphere of Mars :— no cumulus, no cumulo- stratus, nor 
even cirro-cumulus clouds ; aud, excepting at the bordere of 
the polar ice, nothing denser than a thin veil of stratus, or 
cirro-stratus cloud formed of ice crystals, the kind of cloud 
or mist which, in our atmosphere, makes halos round the 
moon, and only hides her face sufficiently to exaggerate her 
beauty, like the gauze " complcs ion -veil " of the human co- 
quette. The mid-day region and a certain distance around 
it would but rarely be subject to this small degree of obscura- 
tion, as the sun's heat there should, under ordinary circum- 
stances, hold all the vapours it had raised in complete and 
transparent solution. 

255. Thus the human observer watching the planet at the 
most favourable time — that of conjuuction — when his line of 
vision would nearly coincide with that of the sun's rays, — should 
see the central portion of the disc well defined and subject to 
but little variation; but towards the limb on all sides he should 
meet with some degree of haze or obscurity, though there should 
be nothing like the contradictory uncertainty attending the 
observations of the surface- markings of Venus, with her atmo- 
sphere of five times the density, loaded with clouds and vapours 
produced by four times the amount of solar heat. 

256. It follows from the above that a deposition of hoar- 
froat must be continually taking place all round the disc of the 
planet, and that this will commence at a certain angular distance 
from the meridian centre of the disc, and increase gradually 
towards the circumference. The rotation of the planet will, 
however, produce a considerable difference in the residts of this 
deposition. All that falls on the east and west «" 'the 
planet will be thawed aud evaporated by the ' 

shine, so that the maximum accumulation i' I 
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can be but one ni^ht^s deposition; but on tbe nbrtb and the 
south there will be a continuous accumulation^ which will only 
be thawed up to a certain latitude by the annual summer pre- 
sentation of either hemisphere to the sun. 

257. The terrestrial observer should therefore see coinci- 
dent with the zone of thin border-haze an increased bright- 
ness due to the daily deposition of hoar-firost. On the eastern 
and western borders of the disc this brightness should be 
but slight, as it would be produced only by the light deposit 
of one night's icy dew; but in the polar regions the accu- 
mulation should be considerable and distinctly visible. It 
should form a circular patch whose boundary must recede and 
advance with the annual turning of the poles of the respective 
hemispheres towards and away from the sun. The circum- 
ference of this patch should be bounded by a zone of mist or 
haze produced by the condensation which must be in continual 
progress where the heated vapour-charged air from the meridian 
regions is entering the region of frost and precipitation. This 
should be more dense and definite than the corresponding zone 
on the eastern and western boundaries of the isothermal line of 
32° Fahr., on account of the abrupt variation of temperature 
being necessarily greater at the north and south boundary line 
between summer and winter than at the east and west boun- 
dary of day and night. 

The distance between the mean limits of the north and 
south patches of accumulated hoar-frost may be taken as an 
approximate measure of the diameter of the circle over which 
the sun's rays are capable of raising the day-time temperature 
above the freezing point. The circumference of this circle would 
form the daily travelling isothermal line of 32° Pahr. This 
angular distance would thus enable observers to determine the 
boundaries at which to look for the commencement of the 
evening deposition of hoar-frost, and the line of the morning 
thaw. The latter should appear sharper and better defined i 
than the former. 
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258. I nmst not conclude thU theoretical vision of the 
meteorology and hydrologv of Mara without referring to some 
curious results that must follow from the polar accumalations 
of the hoar-frost deposit. At the poles, and for some distance 
around them, the annual amount of deposition must exceed the 
annual amount of thawing and evaporation ; and therefore a 
gigantic glacial mountain must there accumulate, with a con- 
tinual growth and tendency to assume the conical form. As 
the deposition of ice crystals would commence before actual 
sunset, and would probably reach its maximum or even be 
finished before reaching the boundary line of day and night, 
(in consequence of the thinness of the atmosphere of this 
planet and the resulting rapidity of radiation,) the building up 
of this polar mountain would be very irregular. In mid-winter 
the lower slopes of its aides would receive the greatest acces- 
sions. With the advancing line of daylight the elevation of 
the zone of maximum deposition would increase until it readied 
the simimit. This coincidence of maximum deposition with 
the simimit would occur twice a year, before and after midsum- 
mer. During the summer the only regions receiving any 
deposition at all would be the summit and its immediate 
vicinity ; while at the same time the sides would be rapidly 
thawing by the powerful action of the continuous sunshine of 
the one long arctic summer day. At this season, the slopes of 
the arctic mountain would be riven by gigantic ice-floods and 
water-floods; — ^avalanehes, glaciers, and torrents. 

259. The tendency of this summer growth of the summit, 
and undermining of the sides, would be to bring about 
periodical catastrophes, by the more or less complete toppling 
over of the mountain cone in the form of a gigantic avalanche. 
The occurrence of such a catastrophe " " 'I be most sensibly 
indicated to a terrestrial observer by ' and irary 
extension of the polar whiteness, n >t 
avalanche had been hurled bev 

and had usui-pcd the regior ■ 
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seasea tte viscosity attributed to it by Professor Forbes, this 
tendency to the sudden overthrow of the polar peak would be 
in a great measure counteracted by the bulging and advancing 
of the base ; but if the phenomena attributed to viscosity are 
only the results of regelation, the overbalaucing tendency o( 
polar growth can be but slightly relieved by such action, and 
the catastrophes must be of enormous magnitude. 

260. The rocks at the base of this great ice peak nmst 
exhibit on a grand scale all the effects of glacier croaion, Thqr 
must be polished, grooved, and dished out so as to form great 
circular valleys surrounding each of the poles of the planets; 
and beyond these circumpolar furrows somewhere about the 
arctic and antarctic circles of Mars, there must be correspond- 
ing ridges of moraine, consisting of the materials which the 
advancing polar glacier has scooped out and driven before it. 
This perpetual outthrust of the great polar glacier, — this con- 
tinual erosion of the polar regions of the planet, ever at work 
since the date of its primeval consolidation, must have produced 
a sensible alteration of the shape of the planet, — must have 
flattened it in the immediate neighbourhood of its poles, aad 
bulged it in the moraine regions beyond. 

261. Let us now see how far these theoretical expectations 
accord with observed phenomena. Those who are acquainted 
with the telescopic appearances of Mars may perhaps be induced 
while reading the above, to suppose that I have only been 
fitting my theory to the known facts. My reply to this is 
simply that I cannot possibly avoid this appearance, as it neces- 
sarily follows if my theory is sound; but a little further 
consideration will refute this accusation should it be made. 
The refutation is this. That many theories have been thus 
made, after the facts, to account for the phenomena of Mara, 
and all these explanations differ very greatly from mine. They 
assume a greater quantity of atmosphere than my calculations 
warrant; — they say that the climate and meteorology of Mars 

"rresponds very nearly to those of our earth; I maintain 
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1 Uiat these differ so greatly that none of the creatures of this 
. world could live upon Mars. These theories speak of snow 
and rain, mine denies the existence of either. They have 
great difficulty in accounting for the climate, which gives 
so-called snoK patches of winter no greater extension than 
those of our earth. My calculated atmospheric density re- 
moves all this difRcidty, and explains all the phenomena as 
inevitable consequences, without any assumptions of internal 
heat, or any other peculiarity beyond the calculated atmo- 
spheric density. 

363. The following paragraphs from a paper by Professor 
Phillips in the Proceedings of the Royal Society, for January 
26th, 1865, illustrate some of these differences; he says: — 

"The relative mean distances from the Sun of Mars and 
the Earth being taken as 100 and 152, the relative solar 
influence must be on Mars 100 to 231 on the earth; so that 
the surface of the more distant planet might rather be expected 
to have shown signs of being fise<l in perpetual frost, than to 
have a genial temperature of 40° to 50°, if not 50° to 60°, as 
the earth has taken on the whole. How is this to be accounted 
for? Of two conceivable influences which may be appealed to, 
viz., very high interior heat of the planet, and some peculiarity 
of atmosphere, we may, while allowing some value to each, 
without hesitation adopt the latter as the more immediate and 
effective." " To trace the effects in detail must be impracti- 
eable; but in general we may remark that as a diminution of 
the mass of vaporous atmosphere round the earth would greatly 
exaggerate the difference of daily and nightly, and of winter 
and summer temperature, so the contrary effect would follow 
from an argumentation of it. Applying this to Mars, we shall 
see thai his extensive atmosphere would reduce the range 
summer and winter, and of daily and nightly tcmpcrati 
It would, moreover, augment the mean temperature by 
pecuhar action of such an atmosphere, which, while readily ^ving 
paseage to the solar rays, would resist the return of dark heat- 
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rays from the terrestrial surface^ and prevent their wastefbl 
emission into space. This effect obtains now on the earth; 
which is rendered wanner as well as more eqaable in tempera- 
ture by the atmosphere than it would be without it. It is con- 
ceivable that it may obtain upon Mars to a greater degree, even 
without supposing the atmosphere to be materially different in 
its nature from that round the earth or the surface of Man, 
and have any specially favourable or exceptional characters for 
the absorption and radiation of heat. It seems^ however^ re- 
quisite to suppose a greater communication of heat from the 
interior of the planet; for othervdse the additional vapour^ to 
which the warming effect is in the main to be ascribed^ could 
not probably be supported in the atmosphere. On the whole 
we may, perhaps, be allowed to believe that Mars is habitable/' 
263. The above is a statement of the inferences from the 
observed appearances of Mars to which astronomers generally 
have been led, and had I reasoned h posteriori as they have, I 
have little doubt that I should have come to the same. The 
imperative obligations of my primary hypothesis drove me 
away from the beaten track of a posteriori explanation, into 
direct contradiction of the ^^ genial temperature^' and the "ex- 
tensive atmosphere " reducing " the range of summer and wintff 
and of daily and nightly temperature,^' etc., and compelled me 
to start with a S^-inch atmosphere for Mars, and a consequent 
series of meteorological conditions so diametrically opposite 
to those which have generally been assumed as necessary to 
account for the polar patches and general markings of this 
planet ; but having once started upon this unauthorized tracki 
I followed up the trail of necessary consequences which it 
suggested, and found that it led me where at first I littb 
expected to land, viz., upon a vantage ground which hai 
enabled me to view far more clearly and logically than has evef 
been seen before, the causes upon which may depend the surface 
phenomena of the best observed and most accurately known d 
all the planets. 
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264. I will HOW proceed to compare some of the details of 
observation witli my a priori conclusions. At the outset I 
must state thiit I am not aware of any direct observationj by 
refraction or otherwise, which afTords anything like a basis for 
quantitative estimation of the atmosphere of Mars. The "ex- 
tensive atmosphere" commonly described is purely hypothe- 
tical; assumed to exist, in order to account for the polar 

snow patches," and other surface markings. I must, there- 
appeal to the indirect evidence, and ascertain whether this 
are favourable to my view of an atmosphere of less than 
le-fifth of the density of our own, or to the usually assumed 
atmosphere of equal or greater density than our own. 

265. If Mara had the dense va])orous atmosphere thus 
assigned to it, this atmosphere sliould be clouded like otir own, 
and these clouds, like our owu, should be sufficiently opaque to 
perfectly conceal the body of the planet, wherever they covered 
it. M. Guillemin says, "If snow falls in Mara, it is because 
water is there evaporated by heat; hence, the water must 
spread on the surface under the form of clouds, which condense 
sometimes in a liquid state in the form of rain, sometimes as 
snowy crystallizations,"* Now we know from terrestrial ex- 
perience that such -rain -clouds and snow-clouds c&cetually con- 
ceal the midday sun; if so, how small a slice of an ordinary 
nimbus cloud would be sufficient to utterly obliterate the 
obscure surface markings which the telescope reveals upon this 
planet. Sir John Herschcl tells us that "careful observations, 
continued for ten years, have also taught us that the dark spots 
of Mars retain constantly both their forms and their relative 
positions on the planet." Now this could not possibly be the 
case with a cloud-bearing planet, subject to rain-fall and snow- 
storms. Considerable areas must sometimes be veiled with 
clouds that would utterly obliterate the constant markings, and 
substitute new and totally different spots and markings. These 

> Tki Heaeeiu, p. 300. 



would be as variable as the belts of Jupiter, or the cloud-spots 
of Veuus, which have caused so much trouble, and led to such 
contradictory descriptions by different observers. The very 
favourable circumstances under which the best observations of 
Mars have been made would enable the observers to have 
watched and recorded the daily variation of the clouded rones 
or regions of the planet ; to have described their intermittent 
opportunities of observing the well-known green and reddish 
patches, which they believe to be sea and land, and to have told 
us of the bad-weather obscurations that must have hidden 
them completely from their view. 

266. Nothing approaching to this is recorded. It is true 
that Mr. Lockyer speaks of " clouds," but what sort of clouds ? 
Exactly the sort of clouds that a 54-inch atmosphere, having a 
temperature below 32°, could carry. He says, "In 1862 the 
planet was clearer of clouds and more ruddy than in 18G4. 
The suggested explanation is that, when Mars is clouded, thej 
light reflected by the clouds undergoes less absorption ths 
that reflected by the planet itself; and, on one occasion, 
spectroscope indicated this increased absorption by reves 
the fact that the sunlight was reflected to us, minus a I 
portion of the blue rays." The itahcs of the above are Mm 
Lockyer's. From this it appears that the uttermost obstnictivS 
effort of these "clouds," as they are called, was merely t 
diminish the ruddiness of the planet; they were just capabl 
of making the supposed sandstone of Mars appear more 1 
that which we see in the railway- cut tings near Edinburgn 
and less like that around Chester. Such an efl^ect is mere 
the work of the thinnest haze of invisible cirro-stratus vapoiK 
such as in our atmosphere would conceal the milky 
without obliterating the brighter stars. In reference to 1 
observations in 1862, Mr, Lockyer says, "Although the con* 
plete fixity of the main features of the planet has bet 
placed beyond all doubt, daily, nay, hourly changes 
detail and in the tones of the different parts of the planet, botfl 
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light and dark occur. These changes are, I doubt not, caused 
hy the transit of clouds over the different features." 

267. It is perfectly consistent with the conditions I have 
described that the atmosphere of Mars should be subject to 
about this extent of vaporous variability, for the dry land, sub- 
ject to the continous glare of sunshine through so thin an 
atmosphere, must be heated very considerably ; under some cir- 
cumstances possibly near to the boiling point, while the icy seas 
could only be superficially thawed and raised to the freezing 
point. Thus the air in passing from the land to the water 
would be subject to sudden refrigeration, which would cause 
a mistiness proportionate to the degree of saturation with 
aqueous vapour. With so thin an atmosphere this could never 
amount to anything like an opaque terrestrial stratus cloud or 
fog. The gradual advance of the continuous summer sunshine 
upon the arctic and antarctic glacier regions must produce 
extreme variations of temperature, and a consequent fogginess 
analogous to that which prevails in Arctic Norway during May 
and June, until the winter snows have gone, but, of course, 
much thinner. This tendency would attain its maximum when 
a great avalanche from the polar ice mountain had flung a vast 
encroachment of ice blocks far beyond the normal limits of the 
polar ice, and left them stranded upon the land which, during 
the long arctic summer day, may be heated by the unimpeded 
sun rays above the Martial boiling point of ]38°Fabr. Thus the 
streams from the melted ice would boil as they flowed over the 
land, and an epoch of haziness, such as Mr. Lockyer describes, 
would then prevail over a considerable portion of the planet.* 

268. I have already stated that the normal distribution of 
this haze or thin stratus cloud should be all around the outer 
borders of the disc, while the central parts of the planet should 
usually remain clear, on account of the solar and the plane- 



<* In Seel. 2T3 rensaiiR are given Tor conoliidiu); that thU actually 
two places in 1864, just when Mr. Lockyer uWrved the ^resteit 
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tary radiation and convection being there safficient to retain 
in the gaseous state the greater part, if not the whole, of the 
vapours they have raised. Professor Phillips says, "First, 
then, in respect to the permanence of the main features of the 
planet. I submit several drawings made between the 14th of 
November and the 13th December (both inclusive), the dates 
being marked on each, for comparison with others made in 
1862, partly by Mr. Lockyer, and partly by myself; jfrom 
which it will immediately appear that no appreciable change 
has occurred in the main outlines of land and sea, in the longi- 
tudes observed. A certain fogginess has been noticed, espe- 
cially on the 18th and 20th of November, such as does not 
commonly occur with Jupiter or Saturn ; but it seemed to be 
due to no essential circumstance of the planet, for it grew less 
and less as the observation approached the meridian/'*^ This 
fringe of fogginess producing a gradual disappearance of the 
spots and markings as they approach the borders of the disc, is 
a constant feature which all observers have recorded. This 
and the white polar spots have led them to speculate upon the 
basis of a dense atmosphere. My hypotheses of a thin hoar- 
frost precipitation from a thin atmosphere is, I think, far more 
consistent with all the facts, especially with the absence of any 
opaque and definite cloud masses in the central parts of the 
planet. 

269. Guillemin says, "Throughout its circumference the 
disc is more luminous than its central parts.^^ All agree in 
this observation, which is in perfect accordance with that after- 
noon precipitation of hoar frost which I have shown to be a 
necessary consequence of the atmospheric density I have calcu- 
lated. This increased luminosity of the outer portions of the 
disc must be exhibited by the thin white film thus daily de- 
posited on those parts of the surface of the planet which would 
combine with the thin haze or fogginess in accounting for that 

* Proceedings of the Boyal Society ^ January, 1865, p. 43. 
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obliteration of the distinctions between the greenish colour of 
the sea and the orange tint of the continents, which is observed 
just where this deposit should be the thickest. 

270. If Mars has no atmosphere, the himinosity of his disc 
should be equal all over. If he has an atmosphere capable of 
reflecting more light than is reflected by the body of the 
planet, it must have a degree of opacity more than sufficient to 
conceal all the difl'erences between the greenish and the orange 
tints of the sea and land surfaces, under whatever angle they 
may be viewed through it. Seeing that the luminosity of the 
planet is due to reflected sun-light, and that its atmosphere 
can only receive its light from the same source, or from the 
planet itself, I am utterly at a loss to conceive any conditions 
of density, and of absorption or reflection, or both, pervading 
the whole planetary atmosphere, which can explain the com- 
bined phenomena of increased luminosity of the borders of 
the disc, and increased transparency in the centra! portions. 
On the other band, my explanation meets the whole diSiculty 
in the simplest and most natural manner; as the reflecting 
powers both of the atmosphere and the surface of the planet 
must be increased at the borders of the disc by the precipita- 
tion of the hoar-frost which I have described ; and by the same 
agency, the spots at the borders would be obscured, while the 
central parts continued clear. 

271. It is unnecessary for me to quote the records of obser- 
vation respecting the circumpolar " snows" of Mars. Their 
regular growth around either pole as it turns away trom the 
Bun, and their decrease as it turns towards it, are in such 
obvious and perfect accordance with the theoretical description 
I have given, that I need make no further comment on the 
greater facts, though some suggestive details and minor phe- 
nomena may here he noted. "" 

272. Professor Phiibps tells i- 
polar snows reaches to abou' 
icy circle which endures tl 
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8° or 10", more or leas, round the pole." If my views are 
sound, tlie space between these boundai-ies, viz., 130°, willgiTe 
ua an approximation to the diameter of the circle within ffliich 
the sun's rays are strong enough to melt the daily deposits of 
hoar-frost, and outside of which, to the west and the east, the 
evening dews will begin to fall, and the morning dew will 
remain unthawed. Thus, if I am right, we may predicate that 
at the periods of the vcmal and autumnal equinoxes the frozen 
dew will begin to fall upon the equatorial regions of Mars at 
about 4.20 p.m., and that the surface of the ground will begia 
to thaw at about 7.40 a.m. 

273. I have said that the periodical overthrow of the polar 
cone would be most sensibly indicated to the terrestrial 
observer by the irregular extensions of the white polar circle, 
caused by the debris of the avalanches, which would thus be 
hurled beyond a portion of its normal boundaries. Suchei- 
teneions have been observed by Profeaaor Phillips, and thej 
appear to have puzzled him so raueh as to lead him to suspect 
that they must be optical illusions. He says, " Snowy surfaces, 
scarcely more defined, hut much more extensive, were observed 
ill parts of the northern regions, not immediately encircling 
the pole (which was invisible), but in two principal and separate 
tracts, estimated to reach 40° or 45° from the pole. On one 
occasion (30th November) two practised observers (Mr. Luff 
and Mr. Bloxridge) noticed with me one of these gleaming 
masses of snow very distinct, so much so that, as happened 
with the soutli polar snow of 1862, it seemed to project beyond 
the circular outline, an optical effect, no doubt, due to the 
bright irradiation. This white mass reached to about 40° or 
45° from the pole, in the meridian of 30° on my globe of Man, 
Another mass was noticed on the Uth and 18th November, in 
long, 235°, and e.'itending to lat. 50°. In each case the masses 
reached the visible limb,"* I have marked in italics the obser- 
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vation respecting the apparent projectioa beyond the circular 
outline, which was observed on both of the occasions referred 
to. Professor Phillips attributes this appearance to irradiation, 
but if I am right, it may be due to the actual heaping of 
the avalanche material of the overthrown polar ice cone. 

274. Before leaving this part of the subject I must hazard 
a rather bold suggestion, relative to the great diversities in the 
measurement of the polar compression of Mara. Humboldt 
tells U8 that " The compression of the planet Mars at its polos, 
which, singularly enough, has always been doubted by the 
great astronomer of Kbnigsbcrg, was first recognized by Sir 
William Herachel in 1784. In respect to the amount of ellip- 
ticity, however, uncertaiuty long prevailed. William Hcrschel 
gave it as Y^ (? ^); according to Anigo'a more exact mea- 
surement with a prismatic telescope of Rochon, it would be 
much less; in 1824 he found it as 189 ; 194, or -^oTr-J ^'"^ ^y * 
later measurement in 1847, it was found — , Arago, however, 
is inclined to believe that the compression is somewhat greater 
than either of the two last named quantities."* Guillemia 
says, " Arago, who made a series of measures of the two dia- 
meters with great care, concluded that the latter (the polar) is 
shorter than the former by the thirtieth part of its value. 
Herachel, in 1784, found the same quantity ij^ ; whilst more 
recent measures appear to reduce it to a third of the value 
measured by Arago. M. Kaiser (of Leyden) gives ^rrr. for the 
Battening, as measured during the opposition of 1862,"t 
Schroter's measurement gives gg-; Mr. Main's for 1862, gs.-^- 

275. The suggestion I refer to is that the downfall of a 
few miles of polar ice-cone may produce a sensible variation 
in the polar diameter of Mars. I do not suppose that this can 
be great enough to reeouciie such extreme variations as those 
of Schroter and Kaiser; hut, comparing the diffe 
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ments made by the same observer with the same instrmnent at 
different times^ these discrepancies of Arago^s measurements 
(which to me appear the most remarkable) come quite within 
the range of such an explanation. The total difference between 
his measurement of 1824 and that of 1827 is about 21 miles. 
The extreme difference between Herschel and Arago^ amounts to 
about 50 miles. Now the winter base of the polar snow-cone 
has a diameter of about 2,000 miles, and even its restricted sum- 
mer base is about 500 miles in diameter. This perpetual build- 
ing up must of necessity, sooner or later, bring about some sort 
of catastrophe, either a crushing down or a rolling over when 
the summer heat has weakened the base ; thus a reduction of 
the elevation of the cone to the extent of 20, 30, or even 50 
miles, is not an extravagant assumption considering the dimen- 
sions of the accumulation. If both cones should happen to 
give way on two successive summers, the reduction of the polar 
diameter at the period of the second catastrophe would be equal 
to the sum of the reduction of the north and south cone minus 
the thickness of one yearns deposit. A catastrophe of the highest 
magnitude above named is required to explain the extent of the 
phenomena observed by Professor Phillips (see sect. 273) . 

276. I have stated that if the average surface inequalities of 
Mars should relatively correspond to those of the earth, the 
proportion of land to water on Mars should be five times greater 
than on the earth. Attached to the paper by Professor Phillips 
which I have so freely quoted, and to which I am so much 
indebted, is a carefully drawn chart of the land and sea of 
Mars ; an equatorial projection extending to 60° of north and 
south latitude. I have divided this into 120 squares, and each 
of these squares into quarters, and have thus determined the 
relative area of land and water as there indicated. According 
to my theoretical requirements of 5 land to 3 water, there should 
be in 120 parts, 75 land to 45 sea. I find on Professor Phillips^s 
chart 79 land to 41 sea. This is quite as near to the theoretical 
deduction as can be expected or required. 
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I have dwelt thus lengthily upon this planet, because the 
comparative fulness of our knowledge of its pliysical details 
readers it capable of testing the more aeverely my primary 
hypothesis. I should like to proceed further in tracing the 
meteorological and other coosequences of the atmospheric con- 
ditions I have aacribed to this planet, but must forbear at pre- 
sent. 



NOTE ON SECTION 260. 

276 a. When I visited London in order to complete my 
arrangements for the printing and publication of thia work I 
purchased from Mr. Browning, of the Minovies, bis recently 
published Stereograms of Mara. With these is included a small 
Chart of Mars on Mercator'x Projection, compiled by Mr. R. A. 
Proctor. Unlike that of Professor Phillips, referred to in sect. 
276, this chart includes the polar regions (Professor Phillips's 
only extends to 60° north and south latitude). My expecta- 
tions of the results of glacier erosion are there depicted as dis- 
tinctly as though the chart were an ideal drawing of my own. 
The theoretical north circumpolar excavation is shown extend- 
ing as a narrow band of sea completely round the planet at the 
edge of the north polar ice, and nearly parallel to it. This 
ring-shaped furrow is named by Mr. Proctor "Schroter Sea," 
and beyond it is a circular ridge of land exactly answering to 
the circular moraine which I theoretically require. This is 
named " Laplaee Land." The same features are repeated on 
the southern hemisphere. The south ring-shaped furrow or 
eroBion-valley is named "Phillips Sea;" and the moraine, which 
18 quite continuous and like the north circular ridge, nearly 
represents a parallel of latitude, by its polar boundary, has 
some remarkable promontories on its equatorial side. These 
are named "Cassini Land" and "Lockycr Land," By colour- 



I 

I 



las ^H 

Bse ^H 



184 THB FUBL OF THB SUN. 

ing the land of this little chart brown and the sea blne^ these 
peculiarities show out very strikingly^ the more so because they 
are the only features in the distribution of land and sea which 
present any approach to regularity. 

Phillips Sea and Schroter Sea are perfectly barred out 
from all communication with the other seas of the planet by 
the continuous parallel circular ridges of land forming their 
shores^ and thus they may be at quite a different level &om the 
equatorial seas^ in accordance with what I have suggested at the 
^nd of section 260. 

When the planet is in a favourable position it will be very 
interesting to observe its outline across these rings of land^ in 
order to determine whether there is any visible heaping up, 
corresponding to great moraine ridges which I expect to result 
from the polar erosions ; and whether the diameter of the planet 
measured across from ridge to ridge is sensibly greater than the 
polar or other diameters^ 
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277. The mass of Jupiter to that of the earth is as 338"7 
to li it8 diameter as 11-225 to 1. V338'7=18-4 and ll-225i' 
=126. The total atmosphere of Jupiter should therefore be 
338-7 X 18-4=6232 times that of the earth. The atmospheric 
pressure on the surface of Jupiter should be -j^ = 49-5 atmo- 
spheres. Here we come upon such totally different figures from 
the results of previous calculations, that the theory is subjected 
to a very severe test ; for if the telescopic revelations of the 
meteorology of Jupiter do not materially differ from those of 
Mercuryj Mara and Venus, all my speculations must break 
down; and, on the other hand, if the observed phenomena 
present the very great differences which my theoretical estimate 
demands, this concurrence of extremes is a correspondingly 
" ostentatious example " in support of their soundness. 
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278. The above calciUations are based on the usually re- 
ceived assumption that Jupiter is a solid f;lobe Huch as our 
earthj the inferior planets, and Mars ; aud that its visible 
dimensions represent those of such a globe. I shall heiea&er 
give reasons for rejecting this assumption of solidity, but in 
the meantime proceed with it in order to make an approximate 
comparison of the atmospheric conditions of Jupiter with those 
of the earth and the other planets already considered. Thus 
the atmospheric pressure ou this assumed surface of the planet 
would be above 740 lbs. per square inch, equal to a column of 
mercury 13-i feet high. 

279. Applying the formula of Leslie to Jupiter's atmosphere, 
as I have already done to that of the siln, this pressure gives Tia 
1237° Centigrade, or 2259° Fahr., or according to Dalton 2475° 
Fahr., as the temperature produced in the lower regions of 
Jupiter's atmosphere by its own condensation. This ia about 
the melting point of cast iron, and near to the temperature at 
which carbonic acid is dissociated into carbonic oxide aud oxygen. 
As the visible surface of Jupiter upon which the above stated 
measurement of his surface area is based, is obviously the 
outer surface of his great vaporous atmosphere, the above 
estimate of both pressure and temperature must, as in the 
analogoQS case of the sun, be accepted as an under statement 
of the pressure and heat evolved in the lower atmospheric 
regions of this planet. The boiling point of water under a 
pressure of 49i atmospheres is about 509° Fahr, 

280. According to this, Jupiter must have originally pre- 
sented a remarkable analogy to the sun; the same kind (rf 
actions which I have described as taking place in the solar 
atmosphere from the dissociation of water would, in the atmo- 
sphere of Jupiter, occur fi-om its evaporation. The aqueow 
vapour of the general atmospheric medium, if simply subject to 
such a pressure without any accompanying supply of heat, 
either from its own compression or otherwise, would at once 
become solid; or, in other words, it would require the same 
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quantity of heat to retain it in the gaseous state when subject 
to such condensation J as would be necessary to convert it from 
the state of ice of the temperature of space to that of aqueous 
vapour, 509° Fahr. Thus a part of the original heat evolved 
by the atmospheric compression would be converted into the 
heat of v.aporization (i.e., the latent heat of steam) ; just as the 
greater portion of the heat evolved by solar compression has 
been shown to be occupied in the work of dissociation. 

281. The result of this would be an analogous storage of 
heat, as Jupiter would thus be enveloped in a lower atmosphere 
of aqueous vapour, — dry steam, which could only condense at 
its outer surface at a rate which would be limited by the possi- 
bilities of radiation. Outside of this sphere of clear vapour 
there should therefore be a stratum of vesicular vapour — a 
cloud-sphere, corresponding to the solar photosphere. This 
cloud-sphere would limit the radiation from the dry vapour, 
and from the nucleus of the planet, by receiving and radiating 
back their heat, just as our terrestrial radiations are returned 
to the earth's surface on a cloudy night. 

282. I will not attempt to estimate how long must be the 
period that this muffled radiation shotdd continue in order to 
reduce the whole of the vapour envelope, and the surface of the 
planet itself, below 509°, and thus permit the existence of a 
liquid ocean in Jupiter's valleys, as for reasons that I shall state 
hereafter I do not believe that it has yet occurred, or ever will; 
but, on the contrary, that aU the water on Jupiter is now, and 
will permanently remain, in a state of vapour. 

283. My primary liypothesis thus demands that Jupiter 
shall be enveloped in such a depth of vaporous atmosphere that 
his body must be hidden from human observation ; and that his 
visible disc shall be hut the reflecting surface of his enveloping 
cloud-sphere, which, to whatever possible stage of cooling down 
the planet may have arrived, must still be too dense for our 
vision to penetrate. This is fully confirmed by the united 
testimony of all competent observers. In old books the dar k 
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belts of Jupiter are described as bands of cloud BtretcHng 
across the visible face of the planet, or as seas with varyini 
tides. Better telescopeSj more accurate observation, and i 
sounder knowledge of the effects of light reflected from cloud 
masses, have corrected this idea, and have established the con- 
clusion that the bright visible disc of Jupiter is the outer auc- 
face of his cloud envelope, and the dark bands are long opening) 
or deep cuttings through it. 

28-1. The following compact summary by Principal Leitch, of 
Queen's College, Canada, of the general results of modem obset- 
vation, wdl show at a glance how completely they fulfil all my 
theoretical requirements. " In the case of Jupiter and Saturn, 
it is obvious that we see only the outer shell, within which tlw 
bodies of the planets arc concealed. The disc of Jupiter pre- 
sents very singular phenomena. There are indications of con- 
stant commotion, and the markings of the belts often present 
very perplexing forms, of which no account cau be given. We 
only know that the visible disc is not a fixed and solid cruBt. 
It is like the visible envelope of the sun, which conceals the 
solid nucleus in its interior. The shadows of the satellites are 
seen aa dark apota when they cross the disc of the planet, and 
the satellites themselves can also at the same time be detected 
by powerful telescopes. Besides these there are other spots of 
which no account can be given. They sometimes appear in 
clusters, as shown in our figure of the planet. They have a 
proper motion like the spots on the sun, and probably are due 
to the same general cause — the rotation of the body, combined 
with the higher tempcratiye of the equatorial regions. They 
will therefore correspond with the circular storms or cyclonea 
of the atmosphere of our globe. There is no evidence that we 
have ever as yet seen the kernel within the out-er shell of 
Jupiter, The usual explanation of the dark belts of Jnpiter is, 
that they are the more transparent parts of Jupiter's atmo- 
sphere, while the hrighter parts arc the region of clouds which 
reficct the light more abundantly. In this hypothesis we 
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the body of the planet down through the transparent region of 
dark belts : but it is more probable that, in the dark belts, we 
sec only a part of an interior ahellj and that the real body may 
lie far beneath. The dark belts would, in this way, correspond 
to the penumbra of the spots in the sun, which are oidy an 
uncovered part of the stratum immediately nnder the luminous 
envelope."* 

285. The analogy to the sun which follows so necessarily 
from my working out of the hypothetical atmosphere of 
Jupiter is thus referred to by Humboldt, " Occasionally (it was 
so according to Schwabe's observations in November, 1834) the 
spots of Jupiter, \-iewcd with a magniiying power of 280 in a 
Fraunhoper'a telescope, resemble small epots on the sun, haviog 
nuclei surrounded by penumbras ; but even then their degree 
of blackness is less than that of the shadows of t)ic satellites. 
The nucleus is probably part of the planet itself. These spots 
sometimes divide into two or more, also resembling in this 
respect the spots of the sun, as was already recognized by 
Dominique Cassini iu 1665." 

286. I have little doubt that Jupiter is still red-hot, or 
rather white-liot, that a vast depth of aqueous and other vapour 
Burrouuds it, and that these, together with the free oxygen and 
free nitrogen, form a very much greater atmosphere than that 
which I have calculated. I think it extremely probable that 
the temperature of dissociation of water has been reached by the 
original atmospheric compression of Jupiter, that he must have 
manifested some degree of general solar phenomena, and that 
if we could see him shaded from the solar rays, he would appear 
like a phosphorescent, or rather a fluorescent bail, by the illu- 
mination of his vaporous envelope, due to the light it absorbs 
from the glowing world within. 

287. This may at first sight appear an extravagant assump- 
tion, but a little consideration vrill, I think, show that the 
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appearance of extravagance ia entirely due to the novelty of tie ' 
idea, and not to its inherent character. The assumption of 
solidity and anything like terrestial tenaperaturej such as are 
usually attributed to Jupiter, is, in spite of its familiarity, areallj 
extravagant hypothesis; for there is no kind of matter of which 
we have any knowledge that could form a globe having the 
dimensions and specific gravity of Jupiter unless it were heated 
to a state of fusion. 

The solid shell enveloping liquid and gaseous matter lighter 
than itself which has been suggested, and is BtiE generally 
adopted, crumbles and melts away at the touch of sound rea- 
soning based upon the establiahed facts of experimental science. 

288. The urgent necessity of bringing this Essay to a close, 
and of resisting the temptation to ride off upon the many 
issues it presents, compels me to abstain at present from i 
detailed argument of this question, and I will therefore do no 
more than summarize my views of the constitution of Jupiter, 
which arc, 1st, That the bright surface which we see is an 
envelope of cloud, chiefly aqueous, like the clouds of our own 
atmosphere. 

2nd, That outside of tliis cloud-sphere is an atmosphere 
somewhat denser than that above our own clouds, and of similar 
composition to our own atmosphere, 

3rd, That below this cloud-sphere is a sphere of heated and 
uncondenscd gases consisting chiefly of aqueous vapour, car- 
bonic acid, and our atmospheric mixture of nitrogen and oxygen, 
and having a tcmperatiire continually increasing downwards 
proportionately to the increasing pressure. This temperature 
probably reaches that at which carbonic acid is dissociated into 
carbonic oxide and oxygen. 

4th, That below, and partly diffused and intermingled with 
these lighter gases, is a profound ocean of the denser vapours of 
such volatile metals and metalloids as may exist in Jupiter. All 
of these must be dissociated from oxygen. 

Finally, That below this ocean of vapours, the arranggi 
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of whicli will be determined by their specific gravities aid 

mutual powers of diffusion, there is a planetary nucleus which 
includes the denser and more fixed constituents of Jupiter, but 
■which, like the nucleus of the sun, must be but a very small 
ieruel compared with the great volume of outer vapours. If its 
dimensions exceeded a small fractional part of the whole volume 
of the body which is measured as the planet Jupiter, it must 
raise the mean specific gravity above that which has beeu deter- 
mined for this planet. 

If my views of the constitution of the sun are sound, the 
above description of Jupiter must be equally correct. The 
conclusions in both cases are based on similar facts and pre- 
cisely the same reaaoning, 

289. The folloT>'iug description of the bright spots of Jupiter 
by Sir John Herschel* is very suggestive when regarded in the 
light of this view of the constitution of Jupiter : " But the 
most singular phenomena presented by the belts of Jupiter is 
the occasional appearance upon them of perfectly round, well- 
defined, bright spots, {not unlike the discs of satellites as they 
are occasionally seen projected upon the planet when passing 
between it and the earth, only smaller) . They vary in situation 
and number, as many as ten having, on one occasion (Oct, 28, 
1857), been seen at once, but, so far as hitherto observed, only 
on. the southern hemisphere of Jupiter. They were first noticed 
by Mr. Dawes in the spring of 1849, but first described and 
figured by Mr. Lassell, March 27, 1^50." 

290. The reader should now refer to the quotation from 
Humboldt, section 285, and c 
description of the bright spots. 
gular phenomenon" will thus be s 
of the constitution of Jupit«r is correct, the reaction of the 
gravitation of Jupiter's satellites must effect upon their Primary 
the same kind of disturbances as that of the planets upon the 
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sun. The gjcat diameter of Jupiter, the great depth of liis 
atmosphere and comparatively small dimenBions of hia nuclenjs, 
must, as in the case of the snn, produce an important amount 
of irregularity between the gravitation of the aatelliteH upon tk 
nucleus and that upon the gaseous matter of the planet, the 
consequence of which must be the formation of cyclones simiki 
to those producing the sun spots. If the spots described in tlie 
foregoing quotation from Humboldt are such cyclones, there 
must be corresponding eruptions, and these of no small magni- 
tude, as the descriptions of some of the dark spots show that the 
spot cavities must be nearly, if not quite, large enough to enye- 
lope our earth. These eruptions must be great outbursts of 
aqueous vapour, bearing with it some of the denser vapours of 
the lower gaseous strata. They must produce upon Jupiter great 
cloud-prominences exactly analogous to the flame -promiu en cea 
of tlie sun. In the midst and at the base of these cloud- 
prominencea there will probably be some amount of flame due 
to the oxidation of carbonic oxide and of volatile metallic 
vapours whose temperature of dissociation ia lower than that rf 
water. 

391. If this ia the case, Jupiter baa prohably reached hn 
permanent temperature, which must have been attained as soon 
SB he cooled down to that point at which his radiations into 
space exactly compensated the amount of heat obtained by the 
impact and compression of the quantity of fresh atmospheric 
fuel which the disturbing action of his satellites supply. This 
temperature, for the reasons X have already stated, should, at the 
hase of the aqueous vapour, be not less than a white heat, or 
that at which cast-iron fuses, and sufficient to dissociate car- 
bonic acid. In the regions of the planetary gases, i.e., of the 
gaseous metals, the heat of compression must be sufficient to 
effect the dissociation of water, and thus some of the aqueous 
vapour carried down into the dark spot-vortices must be disso- 
ciated, and by its explosive recombination assist in ejecting the 
material of the bright spbts. 
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NOTE ON MR. BROWNING'S OBSERVATIONS OF 
THE "CHANGES IN JUPITER." 



291 a. Since the foregoing chapter was writteu e 
cation from Mr. Browning appeared in Nature, Dec. 2, 1869, 
page 138, from which I extract the following:— "During the 
months of October and November the planet Jupiter has pre- 
sented a spectacle of singular and almost unexampled beauty. 
The belts on the planet are more than usually numerous, and 
they display a greater variety of colours than I have ever yet 
seen ascribed to them. The equatorial belt, which has been fur 
years the brightest part of the planet, is now not nearly so 
bright as the light belts to the north and south ; usually it has 
been free from markings, now it is often covered with markings, 
wliich resemble piled up eumulua clouds : it has generally been 
colourleaa, sMiiiDg with a silver-grey, or pearly lustre — now it 
is of a rich deep yellow, greatly resembling the colour of elec- 
trotyped gold, . . . The poles of the planet are asliy blue, and 
the darker belts nearest to them present a darker tint of the 
same colour. The bright belts next these are pearly white, and 
Bhine more brilliantly than any other portion of the planet. 
The dark belts next to the central bright belts are coppery red. 
As already mentioned, the central belt, which has been for years 
a pearly white, is now a rich golden yellow. , . . Spectrum ana- 
lysis has taught us to suspect that any change in the colour of 
light proceeding from an object, indicates a change in the object 
itself. If Jupiter, the largest planet in the solar system, has 
still retained so much heat as to shine partially by his own 
light, the present considerable change in colour may enable 
Bpectroscopists to obtain some information on this interesting 
subject." 

The above is veiy welcome to me, as I have felt some eom- 
punetions respecting my own hardihood in ascribing so high ' 
temperature to this planet, on which so many aatronor 
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authors have supposed a mean temperature like that of our earth 
to exist; and have described its dense cloudy atmosphere as 
the provision designed to compensate^ by resistance to planetary 
radiation^ for its remoteness from the sun. Mr. Browning is 
the only companion that has yet enlivened the solitude of mj 
speculative wanderings upon Jupiter. His suggestion to spec- 
troscopists is, I think, likely to be a fruitftd one, as the continu- 
ous spectrum due to the reflected light from the outer clouds 
may be diluted by a sufficient train of prisms, and if the lesser 
glow presents any bright bands they may possibly be examined 
like those of the solar prominences. 



CHAPTER XVIII. 



SATUEN. 

^HB ATHOSPHEBB OP 8ATUBN AND THE HEAT EVOLVED BY ITS C0MPEE8- 
810N — THE VISIBLE ST7BFACE OP SATUBN LIKE THAT OP JUPITEB — 
SATUBN MUST BE CHIEPLY COMPOSED OP GASEOUS MATTEE — OEIGIN OF 
THE SUPPOSED TEMPEBATUBE OF THE LIGHTEB PLANETS — EEACTION 
OF THE GBAVITATION OF SATUEN'S SATELLITES COMPAEED WITH THAT 
OF JUPITEB'S — THE CONSEQUENCES OF THIS POWEBFUL EEACTION — 
8ATUBN SHOULD, LIKE THE SUN, EJECT GASEOUS PBOMINENCES AND 
VOLLIES OF METEOBIC SOLIDS — THE PLANE OF THE OBBTTS OF SATUBN'S 
EJECTIONS — THE BINGS OF SATUBN EXPLAINED — THE BINGS OF SATUEN 
COMPOSED OF SMALL BODIES — SATUBN'S BINGS A NECESSABY BESULT OF 
AN UNIVEBSAL ATMOSPHEBE— SATUBN MUST HAVE BINGS IF MY EXPLA- 
NATION OF THE SOLAB PHENOMENA IS SOUND— THE BINGS OF SATUBN 
COMPAEED WITH THE EJECTIONS FBOM THE SUN— CONFIBMATION OF MY 
GENEBAL HYPOTHESIS AFFOBDED BY THE PHENOMENA OF SATUBN'S 
KINGS — THE CHANGES OF THE BINGS ACCOBD WITH THEOEETICAL DEDUC- 
TIONS — THE BINGS MAY BE SUBJECT TO BEGULAB PEBIODICAL CHANGES — 
VABYING BBILLIANCY OF THE BINGS— THE SPOTS OF SATUBN— SATUBN 
• PBOBABLY HAS A PHOTOSPHEBE — IS SATUBN SELF-LUMINOUS ? — THE 
NEBULOUS APPENDAGES OF THE BINGS — THE CEBITS OF THE BING COM- 
PONENTS ABE NOT NECESSABILY CIBCULAB. 

292. The mass of Saturn is to that of the earth as 101*364 
to 1, and his diameter as 9*022 to 1. v^lOl -364=10 (nearly) 
9'022^=81*4. The total atmosphere of Saturn (excluding the 
rings) should therefore be 101*364 x 10=1013-64. And the 
atmospheric pressure on the surface, of the planet — gf.^^- =12*5. 
The pressure per square inch will be 187i lbs. According to 
Leslie^s formula the temperature due to this amount of com- 
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pression is 310° Cent., or 590° Fahr. According to Dalton it 
should be 625° Fahr. 

293. The boiling point of water under the pressure named 
is about 377° Fahr., and therefore Saturn should be surrounded 
with an envelope of aqueous vapour, due to the same actions as 
I have already described as taking place in the atmospheric 
portion of the matter of Jupiter. Its quantity, however, would 
not be so great. This difference of quantity would not affect 
the general telescopic appearances, and, therefore, the visible 
phenomena of the belts, etc., should be nearly the same in both 
planets. The surface of Saturn is thus described by Sir John 
Herschel, " The figure represents Saturn surrounded by its 
rings, and having its body striped with dark belts, somewhat 
similar, but broader and less strongly marked than those of 
Jupiter, and owing doubtless to a similar cause.'^* 

294. The specific gravity of Saturn being still lower than 
that of Jupiter, I am irresistibly led to deny its solidity, and 
even to go further, and maintain that we are justified in be- 
lieving that it is still hotter than Jupiter, and that the pro- 
portion of its gaseous constituents must also be greater. In 
order to suppose otherwise we must again invent new forms of 
matter, for the whole range of our chemistry does not include 
any inorganic substance, which either in the solid or liquid 
state, and under only the moderate pressure of our atmosphere, 
has so low a specific gravity as that of Saturn, — only f of 
that of water at 60° Fahr. Subject to the internal pressure of 
the mass of this planet, even hydrogen itself would vastly 
exceed this density, unless its condensation were overpowered 
by the expansive force of heat. Solidity of the whole of the 
observed orb is, therefore, physically impossible (except to the 
poetical creators of new and ethereal minerals), and if a liquid 
or solid portion does exist, it cannot extend beyond the very 
core of the planet. 

295. If Saturn and the other light planets are thus mainly 

* Outlines of Astronomy ^ art. 514. 
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omposed of gaseous matter^ the mechanical work of gravita- 
ion exerted in their aggregation and compression^ must have 
produced a vastly greater evolution of heat than I have calcu- 
lated as due to the compression of merely that portion of the 
general atmospheric medium constituting their supplementary 
envelope; and this high temperature, after being reduced to a 
certain point, would be maintained by the gravitation of their 
satellites, acting in the manner described in sects. 291 and 297. 

296. The total ma^s of the satellites of Saturn has not, I 
"believe, been calculated, but the united mass of all the satellites 
of Jupiter is estimated at ^^ of that of the planet. Now 

Saturn's sixth satellite. Titan, alone has a diameter of j^ of its 

primary, and thus his volume is j^ of the planet. The mean 

distance of the first four satellites of Saturn is -.- of the mean 

distance of Jupiter's four attendants. The other four satellites 
still remain to be added, so that I may safely estimate the 
power of reaction of the gravitation of Saturn's satellites upon 
the planet as about twenty times that of Jupiter's. Their 
power of disturbing the geometrical regularity of his rotation 
must be proportionally greater, and all those atmospheric irre- 
gularities produced by irregular rotation to which I have 
ascribed the sun-spots, must be operating in an exaggerated 
and exceptional degree in the gaseous envelopes of Saturn, 

297. This being the case, and as Saturn is travelling with the 
sun in his flight through space, these disturbances must repro- 
duce upon the planet all the phenomena described in Chapter 
V. as maintaining the solar heat. Thus Saturn must be, even 
more completely than Jupiter, a miniature or model sun. Like 
the sun, his nucleus must be reeling within a profound envelope 
of dissociated gases, which must be thus stirred up into great 
vortices, and correspondingly upheaved with still greater rela- 
tive violence, as the mass of his satellites compared to thei^ 
Primary is so much greater than that of the planets to th'' 
Dissociated water woidd probably play a far les 
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than in the snn^ as the atmospheric film of Saturn must be so 
much thinner; and^ therefore^ the heavier dissociated gaseous 
metals of the interior would be upheaved in greater relatiye 
abundance, with consequences that I shall presently consider. 
Into the depth of these vortices the fresh atmospheric matter 
of newly entered space would be whirled, and there compressed 
and dissociated. All the heat-evolving agencies described as 
occurring to maintain the solar heat would be repeated, and 
the decalorized atmospheric matter would in like manner be 
left behind. Thus a high permanent temperature would be 
maintained, higher than that of Jupiter, in spite of Saturn's 
lesser mass, in consequence of the very much more powerfiil 
agitation and instirring of atmospheric fuel, due to the greater 
disturbing power of the satellites. 

298. Assuming that the materials of Saturn are similar to 
those of the earth and the sim, there should be, as in Jupiter, 
immediately below the outer envelope of atmospheric matter, 
an ocean of gaseous metals, restrained from oxidation by the 
dissociating force of heat, and these would be arranged some- 
what in the order of their density."^ The relative planetary 
reaction of the satellites being at least twenty times greater 
than that of the satellites of Jupiter, and the envelope of 
aqueous vapour being thinner than Jupiter^s, these dissociated 
metals would be ploughed out far more profoundly, and Satum 
would not merely eject the cloudy matter described in section 
290. The vortices of Saturn must not only perforate the atmo- 
spheric envelope, but must penetrate beyond the stratum of 
dissociated light metals of our ocean salts (sodium, magnesium, 
potassium, etc.) into the region of the dissociated material of 
our rocks and metal-veins, and in so doing must carry with 
them a core of atmospheric gases, the water of which would be 
dissociated by the heat evolved by the compression to which 
the accompanying free gases would be submitted at those 

* All I liave said in section 288 respecting the internal constitution d 
Jupiter must be understood as applying equally to Saturn. 
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depths. This must be again ejected along with the necessarily 
upheaved gases of the heavier metals, and the mixture of the 
explosive elements of water, combustible metals, and free 
oxygen, on surging outwards upon the surface of the planet 
must explode with tremendous fury, and thus mimic all the 
solar phenomena. The flaming prominences, the vollies of the 
corona, the zodiacal light, the meteoric rings, and the zone of 
asteroids, would be repeated on a scale which, though but in 
miniature, compared with the meteoric cfForta of the sun, 
should be, relatively to the dimensions of the planet, much 
greater, on account of the greater relative mass of the distiurb- 
ing satellites, and the greater relative proportions of eonden- 
sible matter that would accompany the atmospheric gases, 

299. As the angular velocity of Saturn's rotation is about 
fifty-eight times greater than that of the sun, the projectiles 
jrom the planet would have a greater tendency to assume 
circular orbits. As the great majority of the ejections would, 
SB in the case of the sun, be made from the vicinity of the 
equator, the plane of these orbits would, for the most part, 
deviate hut little from that of the planet's equator, and these 
deviations would be gradually rectified by the predominant gra- 
vitation of its bulging equatorial regions, and the co-operating 
gravitation of the general resultant of the combined masses of 
the meteorites themselves. 

300. What would be the telescopic appearance of such a 
multitude of meteorites, all flying around the equator of 
Saturn, at different distances from his surface, but all in orbits 
having nearly the same plane ? Precisely that of the greatest 
telescopic marvel of all the marvellous heavens, the rings of 
Saturn, 

SOI. That these rings cannot be continuous solids nor 
liquids, nor a number of concentric rings, nor rings of irregular 
mass, as supposed by Laplace, has recently been so fully de- 
monstrated, that I need not repeat the well-known arguments ; 
and that they must be made up of a multitude of small bodies. 
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such as meteorites or minor aatellites, is now so generally 

admitted, tliat it is quite unneceBsary for me to discusa tliis 
confirmatory concluaion. 

303. Thus the great mystery of Saturn's rings is resolved 
into a simple consequence, a demonstrable aud necessajy result 
of the operation of the familiar forces, whose laws of action 
have been determined bere on earth by experimental investiga- 
tion in our laboratories. No strained hypotheses of imaginaiy 
forces are required, no "ethers" or other materials are de- 
■mandcd, beyond those which are beneath our feet and around 
our heads here upon this earth ; all that is necessary is to grant 
that the well known elements and compounds of the chemiat, 
and the demonstrated forces of the esperimental physicist, 
exist and operate in the places, and have the quantities and 
mode of distribution described by the astronomer; this simple 
postulate admitted, these wondrous appendages spring into 
rational existence, aud like the eternal fires of the sun, the 
barren surface of the Moon, the dry valleys of Mercury, the 
hazy equivocations of Venus, the seas, the continents and polar 
glaciers of Mars, and the clond-covcred face of Jupiter, follow 
as necessary consequences of the fundamental hypothesis of an 
universal atmosphere. 

303. If Saturn had uo rings, my explanation of the 
zodiacal light, the meteoric zones, and the asteroids, would be 
half refuted by their absence. If any other planet had rings, 
aud Saturn were without, this portion of my speculative fabric 

I would be hopelessly shattered by such a contradiction of the 
theoretical requirements; for Saturn, by reason of his mag- 
nitude, mass, and preponderating system of satellites, is the 
one exceptional planet of our system which, according to the 
absolute demands of my hypothesis, should most completely 
m!mie the meteoric efforts of the sun. 
304. If this explanation is correct the rings of Saturn should 
present modifications similar to the meteor zones of the sun. 
There should be first, a zone corresponding to the zodiacal light. 
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composed of the smaller atid lighter particles of ejected raatterj 
and including those of temporary orbit and immediate return. 
It should, as I have explained, sections 192 and 216, include 
a great proportion of the junior meteors, and it should, like 
the zodiacal light, he for these reasons subject to continual 
variation. Outside of this we should have a zone corresponding 
to that which sometimes drops its masses upon our earth, and 
beyond this another analogous to the zone of the asteroids. 
This outer zone should, like that of our asteroids, be character- 
ized by its stability ; and for the same reasons, viz., that it must 
consist of the greater exceptional ejections, and probably in- 
clude the results of an earlier stage of the planet's existence 
when it had a higher temperature and mora csplosive energy 
than that which it can manifest at present. Such a zone would 
be subject to no visible changes due to modern accessions. 

305. I must request the reader to carefully examine the 
above, and to compare it with what I have already stated in 
reference to the sun, so that he may be satisfied that these 
detailed results must of necessity follow if my primary hypo- 
theses are correct. Unless he does so he will read it merely as 
a description of recent telescopic observations rather than a 
series of necessary logical deductions which I might have made 
without any knowledge of these modem revelations of the 
telescope. I am anxious to impress this clearly, because the 
evolution of such an apparent anomaly as the rings of Saturn 
out of an hypothesis framed only to explain solar phenomena, 
and worked out when I supposed, in accordance with my early 
elementary reading, that the rings of Saturn were continuous 
solids or liquids, and wheu I had but the duskiest notions e 
ceming the newly discovered dusky ring, and knew nothing 
whatever of the recently observed changes of the rings, has 
impressed me more forcibly than anything else as a glaring 
confirmation of the general soundness of these views. When I 
commenced these estimates of the atmospheres of the planets 
for the sole purpose of testing the primary hypothesis of t 
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universal atmosphere by comparing their calculated with their 
observed atmospheres, I had no idea of thus coming upon 
this explanation of Saturn's rings, which has been forced upon 
me in the same manner as my unexpected conclusions respect- 
ing the meteorology of Mars. It was not until after I had thus 
worked out these explanations, and was looking up further 
information on the subject (astronomical details being quite out 
of the range of my customary studies) that I learned that the 
inner or dusky ring has already been compared to the zodiacal 
light on account of its remarkable outward physical resemblances, 
and that a meteoric origin has been attributed to this and the 
other rings. This explanation, however, differs from mine in 
the same manner as the usually received meteoric explanation 
of the zodiacal light. The meteors are regarded as bodies that 
have come to Saturn from without, just as the meteors that fall 
upon our earth, and which are supposed to form the zodiacal 
light and to bombard the sun, are regarded as external cosmical 
bodies invading our solar system. This explanation shows no 
reason why Saturn should be so specially favoured while all the 
other planets are neglected by these wanderers. 

306. In accordance with my theoretical anticipations it has 
been found that the outer ring is the stable portion of the 
system, that the inmost of the bright rings is, according to 
M. Otto Struve, subject to considerable changes. He has com- 
pared the measurements made during the last two hundred 
years, and concludes that it has manifested an amount of in- 
ward growth, which, if continued, will bring its inner edge to 
the planet in about one hundred and twenty years. This extent 
of growth is, however, disputed by other astronomers, but some 
degree of change is generally admitted. The changes of the 
dusky ring corresponding to our zodiacal light are unquestion- 
able ; and it is even supposed by some to have actually come 
into existence but recently, as it was discovered simultaneously 
in 1850 by Mr. Bond in America, Mr. Dawes in England, and 
Father Secchi at Rome; and was not seen before, either by 
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these observers or others using telescopes of far liighcr power 
than those with which it can now be easily observed. 

307. The strict accordance of all these changes with my 
explanation of the origin of the rings needs no further coinnieut ; 
but I will venture one more suggestion. It ia this : that 
Saturn may, like the sun (sect. 78), be subject to large ])eri()dH 
of meteoric activity, and that the recent development of the 
dusky ring is due to this. If such is the case, the inward growth 
of the bright ring and the development of the duaky ring ahould 
occur together just as they have been observed; the dusky ring 
representing the smaller and more temporary rcHults of the 
same eruptions, which would display their greater projtM^tilo 
eflForts in permanent additions to the nearest portion of the 
bright rings. 

308. The observed variations of brilliancy in the different 
rings accord with my explanation of their origin as (lompK^tt^ly 
as the degrees of their mobility. The inmost ring of all, 
composed of the smallest, lightest, and conseciuently moHt f(>(»bly 
projected particles, with a small sprinkle of the denser inasseM 
in the course of the commencement of tluiir flight, is just of 
the filmy character to be expected from the size of its component 
parts and the quantity due to their temporary existenee. The 
inner portion of the bright rings should be the most elosc^ly 
packed from being within the range of the ordinary projec- 
tion of the denser masses, and it accordingly presents the 
greatest degree of brightness ; it has been compared to bur- 
nished silver. The outer ring formed of the largest and least 
abundant, or the extraordinary projectiles, should, on account 
of its more discrete composition, exhibit a somewhat different 
appearance ; telescopic observers have detected such a difference, 
and compare the surface of the outer ring to that of frosted 
silver. Now if we examine with a moderate magnifier the sur- 
face of frosted silver, and compare it with a burnished surface 
similarly magnified, we find that the difference in effect is due 
to a number of minute prominences more or less rounded, of 
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which the surface of the frosted metal is made up. In M'^^^s 
manner, if I am right, and the magnified surfaces of the Tvngs^ ^ 
presenting the burnished and frosted appearances could be still 
further magnified, the outer or frosted one would show the 
prominences due to the larger individual meteoric particles of 
which it is composed, while like the burnished silver the inner 
rings would still exhibit their apparent continuity of surface. 
If the magnifying power be carried far enough, even the bur- 
nished silver would appear rough, lumpy, and corrugated ; so 
also would the surface of the inner bright ring. 

309. If I am right, the spots on Saturn should form a far 
more important feature on his disc than they do on Jupiter^s. 
I have not yet met with any comparative account of these spots ; 
nothing further than a general statement of the existence of 
such spots on both planets. The prevalence of the spots should 
also vary with the positions of the satellites, and thus be subject 
to considerable variations. With such wondrous and fasci- 
nating phenomena before them as those connected with the 
rings, it is not surprising that the observers of Saturn should 
have paid but casual attention to his spots beyond using them 
as a means of determining the period of his rotation. Special 
observation directed to these features of the disc of Saturn 
will doubtless settle some of the questions I have raised. 

310. In section 291 T have stated reasons for believing that 
Jupiter has reached his permanent temperature. Precisely the 
same reasoning applies to Saturn, but in applying it to this 
planet we are forced to the conclusion that his present and 
permanent temperature must be higher than that of Jupiter. 
The very much greater relative mass and proanmity of the 
satellites of Saturn must, as already stated, produce a far greater 
stirring of his atmosphere, affording thereby a proportionally 
greater supply of fresh atmospheric fuel, and thus the tem- 
perature at which his radiations should balance the heat com- 
municated by such supplies must be higher, even after allowing 
for the difference of protecting atmosphere. It is therefore 
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probable that Saturn may atill have a photosphere below his 
cloud-sphere. If so, it must of course be vastly thinner and 
less potent than the solar photosphere; incapable of fully 
Taporizing all the water of the planet's atmospheric envelope, 
and thus will allow the formation of an enveloping cloud-sphere 
like that of Jupiter. 

311. If such is the case, Saturn should present some indi- 
cations of self luminosity, in spite of its cloudy envelope. In 
accordance with this theoretical expectation, I find that tele- 
scopic observers have described it as "a golden ball." Whence 
comes this golden glow ? The reflection of solar bght from 
clouds of aqueous vaporous matter cannot produce itj but 
if the light of a thin photosphere were faintly visible through 
a veil of aqueous vapour, which, as we know, absorbs most 
readily the blue rays, a golden ball exactly describes the 
appearance to be expected. 

313. If the foregoing views are correct, Bomethiug analogoua 
to the corona of the sun must exist around Saturn, and besides 
this, there must be recent erratic masses flying in various 
courses non- coincident with the rings. These may exist in 
great abundance though no human observer has ever seen 
them. They must be far too small to be visible singly even 
with the aid of modem telescopes. In order that such frag- 
ments shall thus be visible, they must be closely heaped toge- 
ther so as to be seen by the aid of their concurrent reflections. 
Such an aggregation should occur in the form of what I 
may call the prevailing or resultant orbit of the whole, which 
for reasons I have stated (sect. 399) should be nearly circular 
and coincident with the plane of the planet's equator. The 
nebulous appendages, " like cloiids of less intense light lying 
on the ring/'* that have been observed when the ring is seen 
edgewise, are just seen at the time and place when such a 
phantom should he visible according to this explanatinn ; for 
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next in abundance to those in the equatorial plane should be 
the wanderers who deviate but little from it, and these would 
be most visibly when seen in the profile of the general resultant 
of their orbits. They would thus, if sufficiently numerous, give 
just that nebulous thickening to the ring which is represented. 
I should observe that all such wanderers would be subject to 
gradual reclamation by the predominant gravitation of the ring 
and the equatorial mass of the planet, which must ever be 
tending to rectify erratic orbits, and bringing them into general 
coincidence with the visible ring. These '^ clouds ^^ " lying on 
the surface of the ring '' may, however, be atmospheric phe- 
nomena j for the mass of the rings is nearly equal to that of 
the earth, and thus they must have about the same amount of 
atmosphere as the earth has, though of less density in conse- 
quence of greater extension. Such an atmosphere should be 
subject to cloudiness, or rather to cirro-stratus haze formations 
like those of Mars. These vaporous strata, if visible at all to 
telescopic observers, would be seen when viewed edgewise, just 
as we see our thin cirro-stratus clouds forming dark bands 
when viewed edgewise near the horizon. 

313. It does not by any means follow that the orbits of all 
the components of each ring are circular. They may all be 
elliptical provided their planes coincide, and the eccentricity 
does not exceed the breadth of the ring. The optical result of 
these orbits would be a circular ring provided the axes of the 
ellipses were distributed in every direction. The outside radius 
of the visible ring would correspond to the widest excursions of 
the revolving bodies from the centre of their Primary, and the 
radius of the inside of the ring to their nearest approach. 
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314. M. GuiLLEMiN says, " Observations have, at present, 
given us no information on the physical constitution of Uranus. 
No feature is visible on the disc at such a distance. Astro- 
nomical calculations can only tell us of its mass, which is 
fifteen times that of the earth : taking this and its volume into 
account, we find for the density of the matter of which it is 
composed, a value equal to -jg of that of our earth ; the density 
of Uranus, therefore, is a little more than that of ice.^'* This 
being the case, a calculation of its theoretical atmosphere, such 
as I have made for the other planets, is of little value for com- 
parison with observed atmospheric phenomena. I may, how- 
ever, state in passing that the total atmosphere of Uranus 

« 

should be about fifty-four times that of the earth ; but this is 
spread over so great a surface that its pressure will be a 
little more than 2^ times that of our own atmosphere, or 
38 lbs. to the square inch. 

* The Reavens, p. 263. 
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315. After the speculations into which I have been i 
expectedly drawn in applying the principles of my explanationg 
of the solar pheuomcna to Jupiter and Saturn, even the scant 
information that is afforded by direct observation of this planet 
has considerable interest. The density of this planet is int^- 
mediate between that of Jupiter and Saturn, and if my views 
of the constitution of these two planets are sound, Uranus 
should, like them, be mainly composed of gaseous matter, and 
must have the general constitutiou of a minor sun. Much of 
the heat evolved by the compression of its gaseous constituents 
(I refer now to planetary, not to atmospheric gases) must be 
still maintained, and the source of this high permanent tem- 
perature ought to be traceable to the amount of distuibii^ i 
reaction of its satellites. 

316. Uranus has four satellites, concerning the existence of 
which there can be no doubt. The existence of three others ia 
very doubtful. The mean distance of the four aatellitcs from 
their Primary is 248,288 miles. The mean distance of those of 
Jupiter is 667,697 miles. Assuming that their masses, relative 
to their primaries, are equal, the united gravitation of these 
four satellites of Uranus upon itself is about eight times that 
of the united gravitation of Jupiter's satellites upon Jupiter. 
It will be remembered that I estimated the gravita,tion of 
Saturn's satellites at about twenty times that of Jupiter's. 

317. If I am right in attributing the low specific gravity 
and the assumed gaseous composition and high temperature of 
Jupiter, Saturn, and Uranus to the fuel -supplying agency of 
the gravitation of their satellites, the gravitation of the satel- 
lites of Uranus should, bke its density, be intermediate between 
those of Jupiter and Saturn, and according to the best data I 
am able to obtain, this appears to be the case. But perhaps it 
will be said that eight is nearer to one than to twenty, and there- 
fore that the density of Uranus should be nearer to that of 
Jupiter than to that of Saturn, which is not the case; the 
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Saturn as 0-131 to 1 ; and of Uranus as 0167 to 1. Thus it is 
lighter than it should be according to such a mode of esti- 
mating. This lightness follows as a natural result of the 
inferior dimensions of Uranus. If all the other conditions 
remained the same, and its dimensions irere intermediate 
between those of Jupiter and Satnm, there can be little doubt 
that the additional pressure woold bring its specific grayity 
nearer to that of Jnpitcr than to the density of Saturn. 

318. If the telescope supplies no available information 
respecting the atmosphere of Uranus, the same is of course the 
case with Neptune, the atmospheric accumulation of which, 
according to my method of calculation, should be 82 times 
as great as that of our earth, and its pressure at the commonly 
estimated surface of the planet a little more than 4^ times that 
on OUT earth, or 68 lbs. to the square iuch. 

319. The density of Neptune is about one-third greater 
than that of Jupiterj or about one-third of that of the earth. 
Thus its specific gravity is not quite double that of water, and 
rather less than that of sulphur. Considering the pressure of 
the planetary mass (eighteen times that of the earth) upon 
itself, the superficial portion of its planetary matter must still 
be gaseous, and its solid nucleus far below, and thus, like 
Saturn, Uranus, and Jupiter, it will be capable, though in a 
minor degree, of mimicking the vortices and outbursts of the 
sun, provided it is supplied with a sufficient amount of satellite 
power. Such satellite reaction, if I am right, is absolutely iiecea- ' 
sary to explain the mainteuance of its observed degree of light- 
ness, and the high temperature which I connect with such 
specific gravity. 

S20. Here, however, wc have a different case from those of 
the two preeedmg planets, which, being hghter than Jupiter, 
required, according to my hypotheses, a great relative amount 
of satellite reaction to account for the high temperature neces- 
sary to resist the condensation of their constituent materials. 
Neptune has a greater density than Jupiter, though its inner 
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strata are subject to so mucli less pressure, therefore it should 
have a less effective supply of satellites. In strict accordance 
with this theoretical expectation only two have been discovered, 
and these at much greater distances from their primary than 
the corresponding satellites of Saturn and Uranus. I am, of 
course, aware that these two satellites may not represent the 
whole of Neptune^s attendants ; the recent discovery and great 
distance of this planet renders it quite possible that the existing 
amount of telescopic discovery is by no means exhaustive, and 
rather more satellite power is, I think, required to explain the 
actual density of Neptune. 

321. If I am right in thus connecting the small density 
of these outer planets with the heat-sustaining disturbances of 
their satellites, some mathematical problems of great interest 
are thereby opened, the solution of which will subject my 
hypotheses to the severest possible test. The connection be- 
tween these and the nebular hypothesis of Laplace is very 
obvious, interesting, and suggestive. I might have simplified, 
and apparently strengthened, most of the foregoing speculations 
by taking the nebular hypothesis for granted ; by assuming as 
a matter of course that the sun and all the planets were origin- 
ally gaseous, and have been condensed and cooled down from 
that condition ; but I have abstained from doing so, because, as 
already stated, I believe that this building of one hypothesis 
upon another hypothesis is a vicious proceeding, and in spite of 
illustrious examples and high authorities, I maintain that such 
a custom is damaging to the sound progress of science, and is 
^^ more honoured in the breach than the observance. ^^ Neverthe- 
less, two collateral hypotheses, each independently deduced from 
strict inductions of observation and experiment, may be placed 
side by side, and their relations to each other examined, com- 
pared, and worked out to the great illumination and possible 
extension of both, if sound. 

322. Spectroscopic observations, so far as they go, are con- 
firmatorv of these views of the constitution of the lio^hter 
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planets. Dr. Roscoe, summarizing the results of Mr. Huggins' 
researches, says, ^^In the spectrum of Jupiter lines are seen, 
which indicate the existence of an absorptive atmosphere about 
this planet. These lines plainly appeared when viewed simul- 
taneously with the spectrum of the sky, which, at the time of 
observation, reflected the light of the setting sun. One strong 
band corresponds with some terrestrial atmospheric lines, and 
probably indicates the presence of vapours similar to those 
^hich float about the earth. Another band has no counterpart 
amongst the lines of absorption of our atmosphere, and tells us 
of some gas or vapour which does not exist in the earth^s atmo- 
sphere. From observations upon Saturn it appears probable 
that aqueous vapour exists in the atmosphere of that planet, as 
vrell' as in that of Jupiter.^^* Could we strip off the veil of 
cloud in which these planets are enveloped, the spectroscope 
might reveal a great deal more ; but looking, as we must, upon 
the outer surface of this envelope, air and water are all that we 
may expect to discover. If it is possible to isolate and sepa- 
rately examine the spots of these planets, something further 
may be revealed, if my view of their gaseous composition is 
correct ; but if these spots are, as usually supposed, mere 
cumuli of the general cloud matter, their examination promises 
nothing of special interest. 

* Spectrum Analysis, p. 280. 
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8EMI-S0LAB OBBS LIKE JUPITEB AND 8ATI7BN — THE ATliOSPHEBE 0? 
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TBIBUTION OF NEBULOUS CLUSTEBS — EFFECTS OF IBBEGULAS DISTBIBU- 
TION OF NEBULOUS CLUSTEBS — VABIABILITY OF FOBM OF NEBULOtJS 
CLUSTEBS — VABYINO LUMINOSITY OF NEBULOUS MATTEB — VEEIFICATIOITS 
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323. If I am right in thus ascribing a semi-gaseous con- 
stitution to the outer and lighter planets, a solution is at once 
suggested to the riddle of the nebulae. We know that there are 
clusters of stars of various forms and modes of partial aggre- 
gation, some very irregular, but most of them tending to the 
globular, the annular, and the elliptical. The number of their 
components seem to vary as widely as their arrangement. Sir 
John Herschel says, ^^ It would be a vain task to attempt to 
count the stars in one of these globular clusters. They are not 
to be reckoned by hundreds; and on a rough calculation, 
grounded on the apparent intervals between them at the 
borders (where they are seen not projected on each other), and 
the angular diameter of the whole group, it would appear that 
many clusters of this description must contain, at least, ten or 
twenty thousand stars.^^ 
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The resemblance between these star clusters and the nebulae 
has been pointed out agaiu and agaiu, and they are usually 
regarded aa allied pheooTuena; but there is one distinction, the 
great importance of which will be presently seen, I allude to 
their brilliancy. That of the star clusters proper is stellar or 
solar brilliancy, while that of the nebulEe is little more than a 
phosphorescent glow. It has been estimated to vary from 
Imo ^ 30000 o^ t^^ ligli' °f "^ single sperm candle, consuming 
158 grains of material per hour, viewed at a distance of one 
quarter of a mile. 

324., From this I slionld infer that the brilliancy of the 
star clusters is solar, while that of the uebulEe may be more 
nearly allied to that which I believe would be displayed by 
Saturn, if we could see it independent of reflected sunlight. 
If the views which I have expounded are sound, there is no 
broad line of distinction between suns and planets, as regards 
phyaieal constitution, and we may cspect to find that the 
heavens are peopled with every gradation of material aggrega- 
tion, from meteoric dust to the mightiest of suns. In the 
double and midtiple stars wc find suus revolving about suns ; in 
our own system we find orbs of most varying dimensions 
chained together by the link of universal gravitation, and 
arranged without any reference to their magnitude. If I am 
right, every star must have its revolving attendants, or it would 
cool down, contract, and cease to be a sun. The small lumi- 
nosity of the nebulie suggests this question, viz.. What would 
result if a number of bodies similar to Jupiter, Saturn, 
Uranus, and Neptune, wer-e united as a system, without any 
one great dominating central sun chaining their flights to con- 
centric orbits, but all whirling among each other, and mutually 
and continnally disturbing each other's paths, and rendering 
revolutions and rotations as irregular as the staggering and 
reeling of a drunkard. 

325. For the sake of illustration I wdl suppose one hundred 
of such bodies were thus assembled, and so nearly united tl ' 



214 THE FUEL OF THE SUN. 

in the contest of atmospheric appropriation, they should gravi- 
tate as a whole. They may be of very various dimensions, but 
I will suppose that the mean mass of each shall be equal to 
that of Jupiter. Their total mass will, therefore, be a hundred 
times that of Jupiter, and their total atmosphere, as measured 
by that of Jupiter, will be 100-/ 100= 1,000 times as great. 
Thus each individual member of this system, having the dimen- 
sions of Jupiter, will obtain ten times as great an atmosphere 
as though it stood alone. If 10,000 of such bodies were thus 
united, each would have one hundred times as much as it could 
singly obtain ; thus there would be an abundant accumulation 
of atmospheric fuel and aqueous vapour. 

326. The components of an irregular cluster of bodies, thus 
constituted and thus supplied, would be not merely perforated 
with eddies, but riven to their very centre, — moulded and shaped 
throughout by the whirling hurricane of their whole substance. 
When in the centre of a tornado of opposing gravitations the 
tortured orb would be twisted bodily into a huge vorticose 
crater, into the bowels of which the aqueous vapour would be 
dragged and dissociated, and then, entangled with inner matter 
of the riven sphere, hurled upwards again to burst forth in an 
explosion of such magnitude that the original body would be 
measurably presented as but a mere appendage — the rocket-case 
— of the flood of fire it had vomited forth. The atmospheric 
water would thus be alternately dissociated and recombined, 
and, when ejected far enough outwards, condensed into cloudy 
vapours, which would be illuminated by the flashing outbursts 
and the radiations from the glowing gaseous orbs and their 
ejected meteoric matter. 

327. The distribution of this flaming, incandescent, and 
cloudy matter would depend upon the arrangement of planetary 
or semi-solar elements of the celestial compound. If these 
were arranged in a globular, annular, elliptical, or other aggre- 
gation having sufficient geometrical symmetry to permit the 
constituent orbs to move in concentric or other parallel orbits. 
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the mutual disturbances would be sufficiently regular and mode- 
rate to fall short of producing such wholesale ruptures as de- 
scribed in the last section^ and thus the meteoric ejections would 
he mere prominences^ and the cloudy matter would be arranged 
as a cloud-sphere around each individual planetary element. The 
luminosity of this vapour would of course depend upon whether 
the magnitude and the disturbances of the body which it en- 
veloped were sufficient to maintain merely a glow or a decided 
photosphere ; if the latter, the luminosity would vary with the 
depth of photosphere. Thus such geometrical assemblages might 
vary from a dull red glow, too faint for human eyes, aided even 
by the best telescopes to detect, up through every gradation to 
the brilliancy of true stars. This degree of brilliancy would be 
reached when the photospheric matter should be so deep that 
its radiations should have sufficient power to dissolve completely 
all its circumambient vapours into clear gases. 

328. Where no such regularity of distribution existed, and 
the mad riot of irregular wholesale explosive mutual interference 
prevailed — where, instead of the outbursts of superficial promi- 
Xiences, we should have whole worlds explosively disembowelled, 
— mutual bombardments of contiguous planets would be of 
perpetual recurrence, each would be flinging its meteoric ejec- 
tions into the sphere of its neighbour's gravitation, and their 
flashing meteoric matter and cloudy envelopes would be min- 
gled, interchanged, and stretched out from one to another. The 
larger the number of the elements and the greater the individual 
and aggregate mass, the more complete would this vaporous 
communication become, on account of the greater proportionate 
share of atmospheric fuel and vapour that each would possess. 

329. According to the foregoing, the geometrically arranged 
systems would be subject to little visible change when viewed 
from time to time, as the parallel movements of the unaltered 
elementary constituents would not sensibly modify the general 
figure of the combination. The irregular combinations would 
obviously be subject to continual irregularities. The necessity 
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of this 18 80 obvious, that I need not dwell any fiirtter upon it. 
As parallelism of orbit is the essential feature of the regularity 
I refer to, the spiral variety of iiebulie must be interinediatfl 
between the utterly irregular and those which I roughly desig- 
nate the geometrical iiebulos. The spiral nebulse should accord- 
ingly present an intermediate degree of variability. 

330. The luminosity of the materials of a nebulous system 
would thus present every degree of variation, from photospheres 
of varying thickuess to eruptive flames of varying dimensions, 
and conaequently varying brilliancy ; from these to incandescent 
but not flaming gases and vapours, and to heated and reflecting 
Bobd meteoric particles and illuminated clouds of discrete 
vaporous matter. The latter must form the outermost vanish- 
ing fringe of the whole of every system, and in the irregular 
nebulae must constitute minor iringes to the streaks of ejection- 
flashes, and a body of thin mist uniting the whole. In the 
more distant nebulK the brighter portions only would be 
visible, but every additional cfibrt of tclcacopic grasp and con- 
centration of their rays would reveal a fresh gradation of the 
fainter lights. 

331. The necessity of completing this overgrowing essay 
prevents me from citing the observed verifications of this hastily 
drawn sketch of the theoretically required phenomena of the 
nebulae, all of which follow if my general hypothesis is applied 
to the case of mutually gravitating clusters of such bodies as 
our lighter planets. The; only special assumption involved is, 
that such aggregations of such planetary or scmi-stcUar bodies 
exist; — a very moderate assumption considering the closely 
sustaining analogies which the heavenly mechanism so abun- 
dantly aflTords. The telescopic verifications I allude to will at 
once present themselves to the minds of every reader who is 
conversant with the details of astronomical phenomena ; and I 
refer those readers who are not, to any of the standard astrono- 
mical works wherein the phenomena of the nebulae are treated 
at auy length. 
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332. As a correction to one portion of the information that 
■will be derived from all I)ut the most recently revised astro- 
nomical treatiaesj I may mention that the hypothesis which 
regarded the nehnl^ as outlying systems of stars existing in 
remote regioriSj far beyond our milky way, is uow pretty gene- 
rally abandoned, and that it has received a final blow from the 
spectroscopic researches of Mr. Huggius. These show that the 
nebula are composed of gaseous matter; that this is the case 
even with the brightest stellar points of the resolvable nebujfe. 
He even goes further, and finds that some of the groups called 
" star clusters " are composed of bodies which give a spectrum 
of bright lines, and whose luminosity, therefore, comes from 
gaseous matter, less heated aud less dense than our solar photo- 
sphere. The particular gases which he has recognized in all 
the nebulaa are nitrogen and hydrogen; and besides the blight 
lines of these gasca, another, due to some gaseous body which 
is not at present understood. The epcctra of the nebulce differ 
from the star spectra in precisely the same manner as the 
spectra of the solar prominences differ from the spectra of the 
solar disc. 

333. The explanation of the mysterious phenomena of the 
flashing and variable stars comes so obviously within the grasp 
of my general hypothesis, that I need scarcely expound its 
application to them. Given a system corresponding to the 
binary or more complex star systems, or a solar system 
heavily laden with planets that the central sun shall be made 
to rotate about a common centre of gravity, situated somewhere 
about its own circumference, and all the observed phenomena 
must result. When Mr. Huggins applied his spectroscope to 
one of the most remarkable of these, he found that its spectrum 
indicated a great conflagration of hydrogen, similar to the solar 
prominences; that this outburst was, in fact, a monstrous 
stellar prominence. 

334. An irregular cluster of suns, sufBciently near to each 
other to mutually gravitate with sufficient force to convert each 
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member into a flashing star, like t, cororKB, would probably 
become a nebula. To understand what I mean, the reader 
must remember what I have said about the gaseous constitution 
of the sun (sect. 131 to 136), and consider that, in accordance 
with this, even the solid or viscous nucleus must become 
gaseous by the expansive force of its own heat, if the pressure 

now condensing it were removed. If the components of a 

* 

system of such intensely heated gaseous bodies were whirled, 
distorted, riven, and disembowelled in the manner described in 
sect. 327, they would probably be separated into smaller bodies, 
as a mass of falling water is broken into drops by atmospheric 
resistance. That a number of stars should thus fall together, in 
such a manner that their mutual gravitation should drag them 
so nearly into collision as to result in spiral and irregular orbits 
about each other, is by no means improbable. 

335. Let us imagine, for example, that a densely aggre- 
gated portion of the milky way, including a thousand stars, or 
say the Pleiades, were carried quite away from the galaxy of 
surrounding suns, and without any alteration of their grouping, 
were placed in a vacant region of space, where no appreciable 
outside force of other gravitating bodies could affect them. 
They would immediately become subject only to their own 
mutual gravitations ; they would rush towards each other, but 
not in direct collision, for no two could act upon each other 
without the diverging influence of the attraction of all the rest, 
and thus a set of complex orbits would be established. They 
would move around a common centre, but with such complex 
and wholesale interferences, that the figures of their orbits 
would lose all visible regularity. Ultimately, by a series of 
actions similar to those I have described (sect. 216), they 
might settle into concentric parallel orbits, and become 
globular, annular, or elliptical clusters, but, in the meantime, 
would more or less completely fulfil my description of a nebula. 

336. This explanation of the possible origin of some of the 
nebulae, and even of solar systems, is suggested mainly by the 
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remarkable fact that nebulae are usually found in comparatively 
barren or starless regions of space, as though a stellar concen- 
tration had occurred, and left a vacant space around. One of 
our great astronomers (Sir William Herschel, I believe), when 
sweeping the skies with his telescope in search of nebulae, was 
accustomed to tell his amanuensis to ^^ prepare to write, nebulae 
are coming,^^ whenever he reached a starless region. The facts 
connected with the disappearance and re-appearance of nebulae, 
and the observations of Mr. Pogson, Professor Luther, and M. 
Anwers, of a nebulae apparently changing into a variable star,"*^ 
have a very interesting and direct bearing upon this view of 
the possible origin of some of the nebulae. I must, however, 
refrain at present from further speculation or remark on this 
subject. 

* Herschers Outlines of Astronomy ^ Note E. 
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337. Before concluding I nnist reply to one question whict 
forces itself irresistibly forward in connection with the general 
subject of this volume. It is this. Does my explanation of the 
Bolar phenomena throw any light upon the mysterious connec- 
tion that is observed to exist between the aurora borealis, 
terrestrial magnetic disturbances, and solar outbreaks? It 
should do so if at all complete. A reference to sections 183 
and 183 will, I think, show that it does. The electrical dis- 
turbances there indicated could not occur without producing 
inductive polarization of the dielectric matter extending be- 
tween the sun and the earth, which would be displayed as electric 
disturbance upon the earth. That the action is thus induced, 
and not conveyed, by the outflying particles is evident from the 
phenomena described iu section 196, which are but typical of 
other observations. " The electrical influence travelled with Ike 
light." 

338. If the ejection of a mixture of steam and particles of 
water from a boiler a few feet in diameter (such as was exhi- 
bited a few years since at the Polytechnic Institution of London) 
could produce the mimic lightning thereby displayed, how 
marvellous must be the electric convnlaiona produced by the 



monster outbursts of the sun ? The magnitude of these electric 
disturbances must be comparable nith that of the solar heat 
a.Tid solar light, and, like the heat and light, their radiance must 
reach the earth and sensibly affect it. But this is a large sub- 
ject that I mnst not attempt to treat while hurrying thus to 
close this volume, for it includes the ordinary as well as the 
extraordinary phenomena of terrestrial magnetism. 

339. I intended to have applied the hj^iothesis of an 
universal atmosphere to the explanation of the phenomena 
of comets, upon which I think it throws much light, but my 
notes on this subject are too extensive to be brought withiu this 
overgrown Essay. I therefore throw the whole of this subject 
over to the supplementary Essay wliich I shall complete and 
publisli as early as possible. 

340. In the preface to this volume I expressed a fear that I 
may have fallen into unseen mistakes, and a request that if ao, 
the errors may be dealt with in a philosophic rather than 
a querulous spirit. In writing this I was not merely phrase- 
making in obedience to conventional forms of humility-humbug, 
but waa cspressing a fear which the reader who has travelled 
through the preceding pages, will readdy understand, as he will 
doubtless have detected that I am not a mathematician, and have 
only that amount of general knowledge of Astronomy which 
every full-grown human being ought to possess. I may add, 
that this little knowledge having of necessity been acquired by 
self-teaching, there may be gaps in its continuity unseen by 
myself — some of those chasms of misconception into which the 
self-taught student is so liable to fall. But then it will 
perhaps be said that I had no right to venture thus beyond the 
domain of my own especial studies. This I stoutly deny for the 
following reasons. 

341. There is no man old enough to be an expert in all the 
sciences, and yet all the sciences are but one science, and all 
our subdivisions are merely artificial devices for the convenience 
of study. Hence if every man confined himself to his own 
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particular branch of special knowledge, the divine unity of 
Creation would remain unknown, and the highest object of all 
science, — the uplifting and purification of the human mind by 
the unselfish contemplation of the marvellous harmonies of the 
universe, would be unfulfilled. The new-bom science of celes- 
tial chemistry could not have come into existence without the 
previous wedding of the laboratory to the observatory ; and if 
we take a general survey of the progress of human knowledge 
during the present generation, it will be seen that the greatest 
strides have been made by those who have boldly stepped across 
the conventional boundaries that mark the customary sub- 
divisions of the sciences. No man can thus step out of his 
own particular path without some risk of tripping. To the self- 
inflated pedant who gabbles technicalities and professes intel- 
lectual infallibility, such a false step would be fatal if witnessed 
by the world, but the true philosopher may trip or stumble, 
recover himself, and go on without abasement; his object being 
not to display his own paces, but to travel onward in the 
road of truth. Unless then I am one of the pedants, I risk 
nothing in launching thus boldly my first philosophical venture ; 
for if it fails, its refutation must teach me much that I require 
to know, and if it succeeds, it will teach something to others. 
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